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$EVWUDFW²5HFHQWLQWURGXFWLRQRIGDWDPLQLQJPHWKRGVKDVOHG
WRDSDUDGLJPVKLIWLQWKHZD\ZHFDQDQDO\]HVSDFHGDWD7KLV
SDSHU GHPRQVWUDWHV WKDW $UWLILFLDO ,QWHOOLJHQFH $, DQG
HVSHFLDOO\WKHILHOGRI.QRZOHGJH5HSUHVHQWDWLRQDQG5HDVRQLQJ
.55FRXOGDOVREHVXFFHVVIXOO\HPSOR\HGDWWKHVWDUWRIWKH
VSDFH PLVVLRQ OLIH F\FOH YLD DQ ([SHUW 6\VWHP (6 XVHG DV D
'HVLJQ (QJLQHHULQJ $VVLVWDQW '($ $Q (6 LV DQ $,EDVHG
DJHQWXVHGWRVROYHFRPSOH[SUREOHPVLQSDUWLFXODUILHOGV7KHUH
DUHPDQ\H[DPSOHVRI(6EHLQJVXFFHVVIXOO\LPSOHPHQWHGLQWKH
DHURQDXWLFDO DJULFXOWXUDO OHJDO RU PHGLFDO ILHOGV $SSOLHG WR
VSDFH PLVVLRQ GHVLJQ DQG LQ SDUWLFXODU LQ WKH FRQWH[W RI
FRQFXUUHQW HQJLQHHULQJ VHVVLRQV DQ (6 FRXOG VHUYH DV D
NQRZOHGJH HQJLQH DQG VXSSRUW WKH JHQHUDWLRQ RI WKH LQLWLDO
GHVLJQLQSXWVSURYLGHHDV\DQGTXLFNDFFHVVWRSUHYLRXVGHVLJQ
GHFLVLRQVRUSXVKWRH[SORUHQHZGHVLJQRSWLRQV,QWHJUDWHGWR
WKH8VHUGHVLJQHQYLURQPHQWWKH'($FRXOGEHFRPHDQDFWLYH
DVVLVWDQW IROORZLQJ WKH GHVLJQ LWHUDWLRQV DQG IODJJLQJ PRGHO
LQFRQVLVWHQFLHV
7RGD\ IRU VSDFH PLVVLRQV GHVLJQ H[SHUWV DSSO\ PHWKRGV RI
FRQFXUUHQWHQJLQHHULQJDQG0RGHO%DVHG6\VWHP(QJLQHHULQJ
UHO\LQJERWKRQWKHLULPSOLFLWNQRZOHGJHLHSDVWH[SHULHQFHV
QHWZRUNDQGRQDYDLODEOHH[SOLFLWNQRZOHGJHLHSDVWUHSRUWV
SXEOLFDWLRQV GDWD VKHHWV 7KH IRUPHU NQRZOHGJH W\SH
UHSUHVHQWV VWLOO WKH PRVW VLJQLILFDQW DPRXQW RI GDWD PRVWO\
XQVWUXFWXUHG QRQGLJLWDO RU GLJLWDO GDWD RI YDULRXV OHJDF\
IRUPDWV6HDUFKLQJIRULQIRUPDWLRQWKURXJKWKLVGDWDLVKLJKO\
WLPHFRQVXPLQJ $ VROXWLRQ LV WR FRQYHUW WKLV GDWD LQWR
VWUXFWXUHGGDWDWREHVWRUHGLQWRD.QRZOHGJH*UDSK.*WKDW
FDQEH WUDYHUVHGE\DQ LQIHUHQFHHQJLQH WRSURYLGH UHDVRQLQJ
DQGGHGXFWLRQVRQLWVQRGHV.QRZOHGJHLVH[WUDFWHGIURPWKH
.* YLD D 8VHU ,QWHUIDFH 8, DQG D TXHU\ HQJLQH SURYLGLQJ
UHOLDEOH DQG UHOHYDQW NQRZOHGJH VXPPDULHV WR WKH +XPDQ
H[SHUWV7KH'($SURMHFWDLPVWRHQKDQFHWKHSURGXFWLYLW\RI
H[SHUWVE\SURYLGLQJWKHPZLWKQHZLQVLJKWVLQWRDODUJHDPRXQW
RIGDWDDFFXPXODWHGLQWKHILHOGRIVSDFHPLVVLRQGHVLJQ1DWXUDO
/DQJXDJH 3URFHVVLQJ 1/3 0DFKLQH /HDUQLQJ 0/
.QRZOHGJH 0DQDJHPHQW .0 DQG +XPDQ0DFKLQH
,QWHUDFWLRQ+0,PHWKRGVDUHOHYHUDJHGWRGHYHORSWKH'($
%XLOGLQJ WKH NQRZOHGJH EDVH PDQXDOO\ LV VXEMHFWLYH WLPH
FRQVXPLQJ ODERULRXV DQG HUURU ERXQG 7KLV LV ZK\ WKH
NQRZOHGJH EDVH JHQHUDWLRQ DQG SRSXODWLRQ UHO\ RQ 2QWRORJ\
/HDUQLQJ2/PHWKRGV7KLV2/DSSURDFKIROORZVDPRGLILHG
PRGHO RI WKH 2QWRORJ\ /D\HU &DNH 7KLV SDSHU GHVFULEHV WKH
DSSURDFKDQGWKHSDUDPHWHUVXVHGIRUWKHTXDOLWDWLYHWUDGHRII
IRUWKHVHOHFWLRQRIWKHVRIWZDUHWREHDGRSWHGLQWKHDUFKLWHFWXUH
RIWKH(67KHVWXG\DOVRGLVSOD\VWKHILUVWUHVXOWVRIWKHPXOWL
ZRUGH[WUDFWLRQDQGKLJKOLJKWVWKHLPSRUWDQFHRI:RUG6HQVH
'LVDPELJXDWLRQ IRU WKH LGHQWLILFDWLRQ RI V\QRQ\PV LQ WKH
FRQWH[W7KLVSDSHULQFOXGHVWKHGHWDLOHGVRIWZDUHDUFKLWHFWXUH
RIERWKIURQWDQGEDFNHQGVDVZHOODVWKHWRROUHTXLUHPHQWV
%RWKDUFKLWHFWXUHVDQGUHTXLUHPHQWVZHUHUHILQHGDIWHUDVHWRI
LQWHUYLHZVZLWKH[SHUWVIURPWKH(XURSHDQ6SDFH$JHQF\7KH
SDSHUILQDOO\SUHVHQWVWKHSUHOLPLQDU\VWUDWHJ\WRTXDQWLI\DQG
PLWLJDWHXQFHUWDLQWLHVZLWKLQWKH(6

7$%/(2)&217(176
 ,1752'8&7,21
 7+('(6,*1(1*,1((5,1*$66,67$17
 7(&+12/2*<75$'(2))
 62)7:$5($5&+,7(&785(
 35(/,0,1$5<5(68/76
 &21&/86,21
$33(1',;±9,68$/,6(52873876
$&.12:/('*0(176
5()(5(1&(6
%,2*5$3+<


 ,1752'8&7,21
.QRZOHGJH RI VSDFH PLVVLRQ GHVLJQ LV D EURDG WHUP
HQFRPSDVVLQJDGR]HQVXEGRPDLQVLQYROYHGLQWKHVSDFHFUDIW
GHVLJQDQGGDWDDFFXPXODWHGVLQFHWKHVLQFOXGLQJPDQ\
WH[WERRNV UHSRUWV RU GDWD LQ YDULRXV IRUPDWV 0RVW RI WKH
LQIRUPDWLRQ LV VWRUHG DV XQVWUXFWXUHG GDWD DQG KDV WRGD\
EHFRPH WRR WLPHFRQVXPLQJ WR VHDUFK WKURXJK >@
LQWURGXFHVWKHFRQFHSWRIFRUSRUDWHDPQHVLDE\ZKLFKDQ
HQWLW\ULVNVORVLQJNQRZOHGJHDQGHYHQWXDOO\HIILFLHQF\DQG
PRQH\ GXH WR SRRU .QRZOHGJH 0DQDJHPHQW .0 7KH
WLPHIUDPHRIDVSDFHFUDIWIHDVLELOLW\VWXG\EHLQJOLPLWHGLWLV
HYHQPRUHFULWLFDOWRHQVXUHWKDWH[SHUWVKDYHVPRRWKUHOLDEOH
DQG TXLFN DFFHVV WR DYDLODEOH NQRZOHGJH ([SHUW 6\VWHPV
(6V FDQ SURYLGH VXFK VXSSRUW $Q (6 FDSWXUHV +XPDQ
H[SHUWLVH LQ D FRPSXWHU SURJUDP DQG PLPLFV +XPDQ
UHDVRQLQJ $Q (6 IDOOV LQWR WKH $UWLILFLDO ,QWHOOLJHQFH $,
ILHOG RI .QRZOHGJH 5HSUHVHQWDWLRQ DQG 5HDVRQLQJ .55
7KH JHQHUDO VWUXFWXUH RI DQ (6 JHQHUDOO\ FRPELQHV WKUHH
FRPSRQHQWVWKH.QRZOHGJH%DVHRUWKH.QRZOHGJH*UDSK
.*WKHLQIHUHQFHHQJLQHDQGWKH8VHU,QWHUIDFH8,>@
7KH.*LQFOXGHVWKHNQRZOHGJHRIWKH(6DQGLVXVXDOO\EXLOW
PDQXDOO\DWLPHFRQVXPLQJDQGDUGXRXVWDVN+RZHYHULQ
WKHIUDPHRIWKH'HVLJQ(QJLQHHULQJ$VVLVWDQW'($VWXG\
WKH WHDP LV DWWHPSWLQJ WR DXWRPDWL]H WKH JHQHUDWLRQ DQG
SRSXODWLRQSURFHVVRI WKH.*7KLV IHDWXUH OHG WKH WHDPWR
H[SOLFLWO\VHSDUDWHWKH.*DQGWKH'DWDEDVHRI5XOHVLQWKH
'($DUFKLWHFWXUH

7KH SURMHFW IRFXVHV RQ LPSOHPHQWLQJ DQ (6 LQWR WKH
FRQFXUUHQWHQJLQHHULQJSURFHVVXVHGIRUIHDVLELOLW\VWXGLHVE\
PDQ\ DJHQFLHV LQGXVWULHV DQG XQLYHUVLWLHV &RQFXUUHQW
HQJLQHHULQJPHWKRGVZHUHLQWURGXFHGDW1$6$DQG(6$LQ
WKHVWRDFFHOHUDWH WKHSURFHVVHVRIPLVVLRQGHILQLWLRQ
DQGSUHOLPLQDU\FRQFHSWLRQVIRUQHZPLVVLRQSURSRVDOVZLWK
JURZLQJFRPSOH[LW\>@7KHLQFHQWLYHVWRLQWHJUDWHDQ(6
ZLWKLQWKH&(DSSURDFKDQGWKHVWXG\SURFHVVDUHSUHVHQWHG
LQ SUHYLRXV '($ SXEOLFDWLRQV >@ >@ ,Q WKHVH SUHYLRXV
SXEOLFDWLRQVWKHWHDPDOVRSUHVHQWHGWKHJRDOVRIWKHSURMHFW
WKH SUHOLPLQDU\ DUFKLWHFWXUH DQG LQFHQWLYHV EHKLQG WKH
LPSOHPHQWDWLRQ RI DQ $,EDVHG DJHQW LQWR WKH VSDFHFUDIW
GHVLJQ SURFHVV 3UHOLPLQDU\ UHVXOWV RI DXWRPDWLF H[WUDFWLRQ
EDVHGRQVSDFHFRPSRQHQWVGDWDVKHHWVDUHIRXQGLQ>@

7KLV SDSHU ZLOO IRFXV RQ WKH VRIWZDUH WUDGHRII DQG
LQWHUDFWLRQVZLWKH[SHUWVLQYROYHGLQFRQFXUUHQWHQJLQHHULQJ
VWXGLHVOHDGLQJWRWKHUHILQHPHQWRIWKHWRROUHTXLUHPHQWVDQG
WKHGHWDLOHGVRIWZDUHRIERWKIURQWDQGEDFNHQG ,QDILQDO
FKDSWHU LQLWLDO UHVXOWV RI WKH PXOWLZRUG H[WUDFWLRQ DQG
PHQWLRQRI WKH LPSRUWDQFH RI :RUG 6HQVH 'LVDPELJXDWLRQ
DUHSUHVHQWHG

 7+('(6,*1(1*,1((5,1*
$66,67$17
7KLV FKDSWHU SURYLGHV WKH RXWOLQHV RI WKH '($ SURMHFW
LQFOXGLQJWKHSURMHFWPLVVLRQGHILQLWLRQ WKHKLJKOHYHO WRRO
DUFKLWHFWXUHDQGLGHQWLILHGFKDOOHQJHV,QWKHVHFRQGSDUWWKH
RXWSXWV RI WKH LQWHUYLHZV OHGDW (6$(67(&ZLWK H[SHUWV
IURPWKH&RQFXUUHQW'HVLJQ)DFLOLW\&')DUHVXPPDUL]HG

 0LVVLRQ'HILQLWLRQ
7KH '($ LV DQ (6 IRU WKH HDUO\ SKDVHV RI VSDFH PLVVLRQ
GHVLJQ 7KH WHDP LGHQWLILHG WZR PDLQ GHYHORSPHQW VWHSV
WRZDUGV WKH IXOO LPSOHPHQWDWLRQ RI DQ $,DJHQW LQWR WKH
SURFHVVRIFRQFXUUHQWHQJLQHHULQJIHDVLELOLW\VWXGLHV
6WDJH  D .QRZOHGJH (QJLQH .(  'HYHORSLQJ DQG
SRSXODWLQJD.*WKDWFDQEHTXHULHGE\WKH8VHULVWKHILUVW
GHYHORSPHQWVWDJHRIWKH'($7KHTXHULHVZLOOEHHQWHUHG
YLDDQDWXUDOODQJXDJHLQWHUIDFHLQ(QJOLVKRQO\7KH8,ZLOO
H[WUDFW NQRZOHGJH IURP WKH .* LQ RUGHU WR SURYLGH
NQRZOHGJH VXPPDULHV DQG GDWD DQDO\WLFV LQFOXGLQJ
WUDFHDELOLW\ DQG UHFRPPHQGDWLRQV ,W ZLOO DOVR LQFOXGH DQ
DFWLYH 8VHU )HHGEDFN ORRS LQ RUGHU WR DFTXLUH WKH WDFLW
NQRZOHGJHRIWKHH[SHUWV7KH.*LVSULPDULO\IHGZLWKGDWD
IURP WKH (6$ &') WHDP HJ UHSRUWV SUHVHQWDWLRQV DQG
HQJLQHHULQJPRGHOV

6WDJHD6SDFH0LVVLRQ'HVLJQ$VVLVWDQW7KHLQWHJUDWLRQ
LQDPRGHOLQJHQYLURQPHQWWRROZLOOWUDQVIRUPWKH'($LQWR
DQDFWLYHGHVLJQDVVLVWDQW&RQVLGHUHGGHVLJQHQYLURQPHQWV
IRUWKH'($LQWHJUDWLRQLQFOXGHWKH2SHQ&RQFXUUHQW'HVLJQ
7RRO2&'7>@XVHGDW(6$DQGWKH&RQFXUUHQW'HVLJQ
DQG(QJLQHHULQJ3ODWIRUP&'3GHYHORSHGE\5+($>@
ERWKEDVHGRQWKH(XURSHDQVWDQGDUG(&66(70$
$QQH[$	&>@DQGXVHGLQWKHIUDPHRIFRQFXUUHQWGHVLJQ
VWXGLHV%HLQJDEOHWRH[WUDFW DQGDVVLPLODWH WKH VWUXFWXUHG
GDWDIURPHQJLQHHULQJPRGHOVEDVHGRQWKH(&66(70
$ PRGHO WKH '($ ZLOO EH DEOH WR PRQLWRU LQ WKH
EDFNJURXQG WKH FDVH VWXG\ DFWLYHO\ SURYLGH GHVLJQ
VXJJHVWLRQVDQGIODJPRGHOLQFRQVLVWHQFLHVLQDQRQLQYDVLYH
PDQQHU

 '($+LJK/HYHO$UFKLWHFWXUH
)LJXUHGLVSOD\VDSUHOLPLQDU\DUFKLWHFWXUHRIWKH'($7KH
DUFKLWHFWXUH LV GLYLGHG EHWZHHQ WKH VPDUWVTXLG DQG VPDUW
GRJFRPSRQHQWVUHVSHFWLYHO\WKHIURQWDQGEDFNHQGVRIWKH
'($ VPDUW VWDQGV IRU 6WUDWKFO\GH 0HFKDQLFDO DQG
$HURVSDFH5HVHDUFK7RROER[HV³GRJ´IRU³GRPDLQRQWRORJ\
JHQHUDWLRQ´DQG³VTXLG´IRU³VPDUWTXHU\LQJDQGLQVLJKWIRU
VSDFHPLVVLRQGHVLJQ´7KHGHWDLOHGVRIWZDUHDUFKLWHFWXUHVRI
ERWKWRROVDUHSUHVHQWHGLQFKDSWHU



)LJXUH+LJK/HYHODUFKLWHFWXUHRIWKH'($
 &KDOOHQJHV
&KDOOHQJHVUHODWHGWRWKHGHYHORSPHQWRIWKH'($KDYHEHHQ
GHWDLOHG LQSUHYLRXV SXEOLFDWLRQV >@ >@ 7KH\ LQFOXGHG
FKDOOHQJHVFRQFHUQLQJWKH.*JHQHUDWLRQDQGSRSXODWLRQWKH
H[SUHVVLYLW\RI WKHODQJXDJH WLPHUHVSRQVH DQG VFDODELOLW\
VXEGRPDLQVDQGFRQWLQXRXVOHDUQLQJWKH.*GDWDPRGHOLQJ
DFFHVV WKHGDWD QHFHVVDU\ WRSRSXODWH WKH.*HQVXULQJ WKH
GDWD VHFXULW\ ZLWKLQ WKH .*XQGHUVWDQGLQJ WKH8VHU LQWHQW
DQG JHQHUDWLQJ FRUUHVSRQGLQJ RXWSXWV 7KLV SDSHU ZLOO
KRZHYHUIRFXVPRUHWKHFKDOOHQJHVUHODWHGWRXQFHUWDLQWLHV
TXDQWLILFDWLRQDQGPLWLJDWLRQ
8QFHUWDLQW\LVLQKHUHQWO\DWWDFKHGWR+XPDQNQRZOHGJHDQG
WKHDYDLODEOHNQRZOHGJH LVJHQHUDOO\ LPSUHFLVH LQFRPSOHWH
RUIX]]\>@>@$VGHILQHGLQ>@XQFHUWDLQW\UHIHUVWRDQ\
DVSHFWRIWKHPRGHO>RIWKHUHDOZRUOG@WKDWFDQQRWEHDVVHUWHG
ZLWKFRPSOHWHFRQILGHQFH8QFHUWDLQWLHVRULJLQDWHIURPWKH
GDWDLWVHOIDUHWUDQVPLWWHGWRWKH(6YLDWKHGDWDPRGHOLQJDQG
WKH ,QIRUPDWLRQ 5HWULHYDO ,5 SURFHVV HJ UHODWHG WR WKH
1/3 PHWKRGV HPSOR\HG DQG DUH ILQDOO\ FRPELQHG E\ WKH
LQIHUHQFHHQJLQH3URYLGLQJDQDQVZHUWRWKH(QG8VHUVLVQRW
HQRXJK ZLWKRXW LQGLFDWLQJ DV ZHOO WKH RXWSXW GHJUHH RI
FHUWDLQW\7KLVEHFRPHVDSDUWLFXODUO\HVVHQWLDOPHWDGDWDIRU
PHGLFDOGLDJQRVLV(6>@>@
8QFHUWDLQW\TXDQWLILFDWLRQDQGPDQDJHPHQWDUHIXQGDPHQWDO
WR.55ZLWKLQDQ(6DWDOOVWDJHVIURPWKHEDFNWRWKHIURQW
HQG)RXUPDLQTXHVWLRQVDULVHZLWKWKHLVVXHRIXQFHUWDLQW\
ZLWKLQDQ(6
Ɣ +RZWRUHSUHVHQWXQFHUWDLQGDWDIURPWKHGDWDVHW
RUSURYLGHGE\8VHU"
Ɣ +RZWRFRPELQHXQFHUWDLQGDWD"
Ɣ +RZWRLQIHUIURPXQFHUWDLQGDWD"
Ɣ +RZWRPDLQWDLQWKHWUDQVSDUHQF\RQWKH
XQFHUWDLQW\WKURXJKRXWWKH8VHULQWHUIDFH"

6HFWLRQVDQGZLOOWUHDWXQFHUWDLQWLHVUHVSHFWLYHO\
IURPDIURQWDQGDEDFNHQGSHUVSHFWLYH$QDGGLWLRQDOOD\HU
RIFRPSOH[LW\LVDGGHGLQWKHFDVHRIWKH'($DVWKH(6LV
WDUJHWHG WR EH DV DXWRQRPRXV DV SRVVLEOH DXWRPDWLFDOO\
LQWHJUDWLQJQHZGDWDLQWRWKH.*DQGWKHIHHGEDFNSURYLGHG
E\WKHXVHUVYLDWKH8,
 5HVXOWVIURPH[SHUWVLQWHUYLHZV
$8VHUFHQWUHGDSSURDFKKROGVWKHQHHGVRIWKH8VHUDWWKH
FHQWHU RI HDFK GHVLJQ GHFLVLRQ WKURXJKRXW WKH SURMHFW
OLIHF\FOH7KH'($LVDGHFLVLRQVXSSRUWV\VWHPIRU+XPDQ
H[SHUWV7KHUHIRUHLWZDVHVVHQWLDOIRUWKHWHDPWRLQFOXGHWKH
+XPDQ FRPSRQHQW WKH H[SHUWV LQYROYHG LQ IHDVLELOLW\
VWXGLHV DV HDUO\ DV SRVVLEOH LQWR WKH SURMHFW 5DLVLQJ
DZDUHQHVV RQ WKH WRSLF RI $, IRU VSDFH PLVVLRQ GHVLJQ
GLVFXVVLQJZLWKH[SHUWVDERXWKRZWKH\FRXOGXVHWKH'($
DQGLQWHJUDWHLWLQWRWKHLUZRUNSURFHVVZHUHWKHPDLQJRDOV
RI WKH LQWHUDFWLRQV 7KH GLVFXVVLRQV FRQWULEXWHG WR OD\ WKH
EDVHV RI WKH WUXVW UHODWLRQVKLS EHWZHHQ WKH '($ DQG LWV
SRWHQWLDO HQGXVHUV 7UXVW LV LQGHHG D YLWDO HOHPHQW IRU WKH
VXFFHVVRIWKH+0,DQGWKHDGRSWLRQRIWKHWRROLQWRWKH8VHUV

ZRUNSURFHVVH[SHUWVIURP(6$UHSUHVHQWLQJPRVWRIWKH
ILHOGVLQYROYHGLQFRQFXUUHQWHQJLQHHULQJVWXGLHVWRRNSDUWLQ
URXQGWDEOH RIWKHH[SHUWVRU IDFHWRIDFHLQWHUYLHZV
RYHU VXPPHU  )LJXUH  GLVSOD\V WKH EDFNJURXQG
GLVWULEXWLRQRIDOOH[SHUWVLQYROYHG

)LJXUH%DFNJURXQGGLVWULEXWLRQRIWKHH[SHUWV
7KHHOLFLWDWLRQSURFHVVDQGUHVXOWVDUHWKRURXJKO\GHVFULEHG
LQ>@7KHPDLQILQGLQJVIURPWKHLQWHUYLHZVDUHUHPLQGHG
LQWKHIROORZLQJSDUDJUDSKV)LJXUHVDQGLOOXVWUDWH
WKH PDLQ ILQGLQJV E\ GLVSOD\LQJ WKH H[SHUWV
 DQVZHUV WR
GLIIHUHQWTXHVWLRQVDVNHGGXULQJWKH5RXQG7DEOH+RZHYHU
WKHILQGLQJVGRUHSRUWVFRPPHQWVFROOHFWHGIURPDOOH[SHUWV
LQWHUYLHZHG ERWKGXULQJ WKH5RXQG7DEOH DQG WKH IDFHWR
IDFHLQWHUYLHZV
7KHFRQFHSWRIWKH'($.*UDLVHGDKLJKLQWHUHVWDPRQJWKH
H[SHUWV :KHQ NLFNVWDUWLQJ D VWXG\ WKH ILUVW DFWLYLW\ LV
IRFXVHG RQ NQRZOHGJH UHXVH H[SHUWV ORRN LQWR SUHYLRXV
VLPLODU PLVVLRQV WR JHW DQ LGHD RI YDOXHV UDQJH DQG
DUFKLWHFWXUHV EDVHOLQH YDOLGDWHG E\ SUHYLRXV VWXGLHV 7KH
'($FRXOGJUHDWO\VLPSOLI\WKLVWDVNIRUWKHPTXLFNO\DQG
HDVLO\PDNLQJWKHPDZDUHRIWKHUHOHYDQWSDVWPLVVLRQV$V
VKRZQLQILJXUHDPDMRULW\RIH[SHUWVVSHQGVEHWZHHQ
DQGRIWKHLUWLPHVHDUFKLQJIRULQIRUPDWLRQ7KHUHIRUH
.QRZOHGJH 5HXVH LV DOUHDG\ SDUW RI WKH H[SHUWV¶ ZRUN
SURFHVV )LJXUH  LQGLFDWHV WKH H[SHUWV
 IDPLOLDU VRXUFHV RI
LQIRUPDWLRQ'LVFXVVLQJZLWKFROOHDJXHVLVDSUHIHUUHGRSWLRQ
LWDOORZVH[SHUWVWRDGGRQWRSRIWKHLQIRUPDWLRQWKH\ILQG


LQ WKH UHSRUWV WKH WDFLW NQRZOHGJH RI WKHLU FROOHDJXHV
+RZHYHU +XPDQ H[SHUWV PLJKW HYHQWXDOO\ IRUJHW VRPH
LQIRUPDWLRQRUKDYHDELDVHGSRLQWRIYLHZ

)LJXUH5RXQG7DEOHDQVZHURQWKHLUZRUNKDELWV

)LJXUH5RXQG7DEOHDQVZHURQWKHLUVRXUFHVRI
LQIRUPDWLRQ
7KH IDFW WKDW WKH '($ FRXOG DV ZHOO SURYLGH XQFHUWDLQW\
PHDVXUHPHQWVLVDKLJKOLJKWIRUVRPHH[SHUWVZKRPHQWLRQHG
WKDWWKHUHOLDELOLW\RIDVRXUFHLVRIWHQKDUGWRMXGJH([SHUWV
DUJXHG WKDW LQ DGGLWLRQ WR NQRZOHGJH IURP HDUO\ SKDVHVRI
VSDFH PLVVLRQ GHVLJQ GDWD IURP ODWHU SKDVHV HYHQ IORZQ
PLVVLRQV ZRXOG EH YHU\ YDOXDEOH WR LQWHJUDWH WR WKH .*
+RZHYHU GXH WR WKH OLPLWHG WLPHIUDPH RI WKH SURMHFW WKH
'($WHDPKDVWRQDUURZGRZQLWVIRFXVRQDILUVWVHWRIGDWD
LHIHDVLELOLW\SKDVHVWXGLHV)XWXUHZRUNFRXOGQDWXUDOO\
WDUJHWWKHLQWHJUDWLRQRIRWKHUGDWDVRXUFHVWRH[SDQGWKH.*
2QH RI WKH SUHIHUUHG RXWSXWV IRUPDWV DSSHDUV WR EH
FRPSDULVRQ WDEOHV DV VKRZQ LQ)LJXUH+RZHYHU H[SHUWV
IUHTXHQWO\XQGHUOLQHGWKHLUQHHGWRDFFHVVWKHRULJLQDOVRXUFH
RILQIRUPDWLRQLHWKHGRFXPHQWVRQZKLFKWKH.*LVEXLOW
WRORRNGHHSHULQWRWKHVXPPDUL]HGGDWDSURYLGHGE\WKH'($
7KHUHIRUH D 3RVWJUH64/ GDWDEDVH FRQWDLQLQJ DOO WKH
GRFXPHQWV SDWKV DQG SDUWV H[WUDFWHG GXULQJ WKH SURFHVV RI
FUHDWLQJ WKH VSHFLILF GDWD KDV EHHQ DGGHG WR WKH VRIWZDUH
DUFKLWHFWXUH
)LJXUH5RXQG7DEOHDQVZHURQWKH'($.QRZOHGJH
(QJLQHSUHIHUUHGW\SHRIRXWSXWV
7KHH[SHUWV
LQWHUYLHZVDOVRFRQWULEXWHGWRWKHUHILQHPHQWRI
WKH+0,DGYLVLQJDJDLQVWWKHLQLWLDOLGHDWRDGDSWWKHRXWSXWV
WR WKH 8VHU EDFNJURXQG ([SHUWV ZRUULHG WKDW WKH DQVZHU
UDQJH ZRXOG EH QDUURZHG GRZQ DQG SUHYHQW NQRZOHGJH
GLVFRYHU\ $ VHW RI YDULRXV TXHULHV ZDV GHILQHG ZLWK WKH
H[SHUWVDOORZLQJWRXQGHUVWDQGEHWWHUWKHNLQGRINQRZOHGJH
WKH\ZHUHOLNHO\WRUHTXHVW7KHVHTXHULHVZLOODOVREHXVHGWR
WUDLQDQGWHVWWKH'($
)LQDOO\ WKH FRQFHSW RI LQWHJUDWLQJ WKH '($ DV DQ DFWLYH
DVVLVWDQWZLWKLQWKHGHVLJQHQYLURQPHQWUDLVHGVRPHLQWHUHVW
DPRQJWKHH[SHUWV+RZHYHULWZDVPDGHFOHDUWKDWLWZRXOG
UHTXLUHPRUHHIIRUWVUHJDUGLQJWHVWLQJDQGYDOLGDWLRQRIWKH
WRROIRUWKHH[SHUWVWRDFFHSWWKH'($DVDQDFWLYHDVVLVWDQW
UDWKHU WKDQ DV D SDVVLYH NQRZOHGJH HQJLQH $V VKRZQ LQ
)LJXUHRIH[SHUWVZHUHXQVXUHWKDWWKH\ZRXOGWUXVW
WKH '($ 7KLV SHUFHQWDJH FDQ EH ORZHUHG E\ WHVWLQJ DQG
YDOLGDWLRQDVZHOODVGHPRVLQYROYLQJWKHH[SHUWV

)LJXUH5RXQG7DEOHDQVZHURQWKHWUXVWUHODWLRQVKLS
ZLWKWKH'($
,QWHUDFWLRQZLWKWKH(6$H[SHUWVDVZHOODVDFFHVVWRUHSRUWV
SURYLGHG E\ WKH (6$ &') OHG WR WKH UHILQHPHQW RI WKH
SURMHFW GHILQLWLRQ DQG DUFKLWHFWXUH 7KH UHVXOWLQJ
UHTXLUHPHQWVDUHSUHVHQWHGLQWKHIROORZLQJVXEFKDSWHU


 5HTXLUHPHQWVIRUVPDUWGRJDQGVPDUWVTXLG
7KHJHQHUDOUHTXLUHPHQWVRIWKH'($DQGWKHPRUHVSHFLILF
UHTXLUHPHQWV RI VPDUWGRJ DQG VPDUWVTXLG ZHUH GHILQHG
EDVHGRQWKHILQGLQJVRIWKHOLWHUDWXUHUHYLHZDQGGLVFXVVLRQV
ZLWKLQWKHSURMHFWWHDP7KHUHTXLUHPHQWVZHUHWKHQUHILQHG
DIWHU WKH LQWHUYLHZ VHVVLRQV ZLWK VSDFH PLVVLRQ GHVLJQ
H[SHUWV DV SUHVHQWHG LQ WKH SUHYLRXV VXEFKDSWHU DQG DIWHU
KDYLQJDFFHVVHGDVDPSOHRIUHSRUWVWREHIHGWRWKH.*
 *HQHUDOUHTXLUHPHQWV
'($*(1 7KH '($ SURMHFW LV FRPSRVHG RI WZR
FRPSOHPHQWDU\ FRPSRQHQWV VPDUWGRJ PHWKRGV IRU WKH
H[SHUW V\VWHP EDFNHQG DQG VPDUWVTXLG PHWKRGV IRU WKH
H[SHUW V\VWHP IURQWHQG DVVLPLODWLRQ RI VWUXFWXUHG GHVLJQ
GDWD
'($*(1 7KH '($ VKDOO WDUJHW DV (QGXVHUV H[SHUWV
LQYROYHG LQ VSDFH PLVVLRQ IHDVLELOLW\ VWXGLHV DFURVV DOO
GRPDLQV
'($*(1 7KH '($ SULPDU\ VRXUFH RI GDWD VKDOO EH
IHDVLELOLW\UHSRUWVRIVSDFHPLVVLRQVIURPGLYHUVHW\SHVHJ
6FLHQFH(DUWK2EVHUYDWLRQ2WKHUVRXUFHVRIGDWDVKRXOGEH
LQWHJUDWHGLQWRWKH.*LQIXUWKHULPSOHPHQWDWLRQV
'($*(1 7KH '($ VKDOO UHPDLQ D QRQLQYDVLYH
DVVLVWDQWDQGVXSSRUWWRWKH+XPDQH[SHUWV
'($*(17KH'($VKDOOQRWLQFUHDVHWKHZRUNORDGRI
WKH+XPDQH[SHUWVDQG WKHUHIRUH UHPDLQDVDXWRQRPRXVDV
SRVVLEOHHJDXWRPDWLF.*JHQHUDWLRQSRSXODWLRQDQG8VHU
)HHGEDFNLQWHJUDWLRQDQGDVHDV\WRXVHDVSRVVLEOH
'($*(17KH'($VKDOOUHO\RQRSHQVRXUFHVRIWZDUH
 VPDUWGRJ
*HQHUDOUHTXLUHPHQWV
'($'2**(1 VPDUWGRJ FRUSXV VKRXOG DOORZ
DXWRPDWLF H[WUDFWLRQ RI GDWD IURP GRFXPHQWV UHGXFLQJ WKH
LQWHUDFWLRQZLWKWKHKXPDQH[SHUWVDWWKHPLQLPXP
'($'2**(1 VPDUWGRJVKDOOEHDEOH WRFRQYHUW DW
OHDVWWH[WXQVWUXFWXUHGGDWDLQVWUXFWXUHGGDWD
'($'2**(1VPDUWGRJVKDOOEHDEOHWREHDQHXWUDO
RQWRORJ\ OHDUQLQJ V\VWHP DEOH WR EH DGDSWHG WR GLIIHUHQW
GRPDLQV
'($'2**(1 VPDUWGRJ VKDOO GLVFDUG VRXUFHV QRW
UHOHYDQWWRWKHGRPDLQLQFRQVLGHUDWLRQ
'($'2**(1 VPDUWGRJ VKDOO EH DEOH WR SDUVH DW
OHDVWSGIGRF[SSW[KWPOGRFXPHQWV
'($'2**(1 VPDUWGRJ VKDOO UHO\ RQ WKH LQIHUHQFH
HQJLQHIRUWKHYDOLGDWLRQRIWKHNQRZOHGJHJUDSK
'($'2**(1 VPDUWGRJ VKDOO UHO\ RQ RQWRORJ\
OHDUQLQJ WHFKQLTXHV IRU WKH JHQHUDWLRQ RI WKH NQRZOHGJH
JUDSK
.QRZOHGJH*UDSKUHTXLUHPHQWV
'($'2*.*(DFKGDWDWKDWVKDOOEHLQVHUWHGLQVLGHWKH
.*VKDOOEHYDOLGDWHGKXPDQYDOLGDWLRQRUDGKRFVRIWZDUH
VROXWLRQ
'($'2*.* VPDUWGRJFRUSXVVKDOO LQFOXGHVRXUFHV
IURPIHDVLELOLW\VWXGLHVIRUH[DPSOH&')UHSRUWV
'($'2*.*'($.*VKDOOFRQWDLQDOOUHOHYDQWWHUPV
IRU WKH VSDFH PLVVLRQ GHVLJQ GRPDLQ H[WUDFWHG IURP WKH
VRXUFHGDWD
'($'2*.* VPDUWGRJ VKDOO UHO\ RQ RQWRORJ\
OHDUQLQJ WHFKQLTXHV IRU WKH JHQHUDWLRQ RI WKH NQRZOHGJH
JUDSK
'($'2*.*VPDUWGRJVKDOOSURYLGHDQLQWHUIDFHIRU
YDOLGDWLRQDQGYLVXDOL]DWLRQ
,QIHUHQFH(QJLQHUHTXLUHPHQWV
'($'2*,1) 7KH LQIHUHQFH HQJLQH VKDOO DOORZ WKH
IROORZLQJ UHDVRQLQJ VHUYLFHV UHDOL]DWLRQ FODVVLILFDWLRQ
VDWLVILDELOLW\ FRQMXQFWLYH TXHU\ DQVZHULQJ HQWDLOPHQW
FRQVLVWHQF\H[SODQDWLRQ
 VPDUWVTXLG
*HQHUDOUHTXLUHPHQWV
'($648,'*(1VPDUWVTXLGVKDOOH[WUDFWNQRZOHGJH
IURPWKH'($.QRZOHGJH*UDSK
'($648,'*(1VPDUWVTXLGVKDOODOORZWKHTXHU\LQJ
RIWKH.QRZOHGJH*UDSKLQQDWXUDOODQJXDJHYLDDZHEEDVHG
8VHU,QWHUIDFH
'($648,'*(1VPDUWVTXLGVKDOOH[WUDFWWKHPRGHOV
IURPWKHGHVLJQHQYLURQPHQWVDQGDOORZWKHDVVLPLODWLRQWR
WKH'($.QRZOHGJH*UDSK
'($648,'*(1 VPDUWVTXLG VKDOO TXDQWLI\ DQG
PLWLJDWHWKHXQFHUWDLQWLHVUHODWHGWRWKHNQRZOHGJHH[WUDFWLRQ
'($648,'*(1 VPDUWVTXLG VKRXOG HQDEOH WKH
FROOHFWLRQRIWDFLWNQRZOHGJHIURPWKHH[SHUWVYLD WKH8VHU
,QWHUIDFHDQGWKH)HHGEDFNORRS
'($648,'*(1 VPDUWVTXLG VKDOO DXWRQRPRXVO\
DQDO\]HGHWHFWFRQIOLFWVDQGTXDQWLI\WKHXQFHUWDLQWLHVOLQNHG
WR WKH 8VHU IHHGEDFN EHIRUH LQWHJUDWLRQ WR WKH .QRZOHGJH
*UDSK
,QWHUIDFHRIWKH.QRZOHGJH(QJLQH
'($648,',17 7KH 8VHU TXHULHV DUH HQWHUHG LQ
QDWXUDOODQJXDJHDQGLQ(QJOLVKYLDWKH8VHU,QWHUIDFH
'($648,',17 VPDUWVTXLG 8VHU ,QWHUIDFH VKDOO EH
8VHUIULHQGO\DQGRSHUDEOHZLWKDPLQLPXPWRQRWUDLQLQJ
'($648,',17VPDUWVTXLGVKDOOWUDQVFULEHWKH8VHU
TXHULHV IURP QDWXUDO ODQJXDJH WR LQWHUQDO UHSUHVHQWDWLRQ
DGDSWHGWRWKHTXHU\LQJPRGXOHV
'($648,',17 VPDUWVTXLG VKRXOG DFFHSW D ZLGH
UDQJHRITXHULHVZUWWKHILHOGRILQWHUHVWWKHTXHU\IRUPDW
RUIRUPXODWLRQ
'($648,',17VPDUWVTXLG8VHU,QWHUIDFHVKRXOGEH
HUURU WROHUDQW DQG IOH[LEOH WR WKH 8VHU TXHULHV LQFOXGLQJ
UREXVWQHVVWRZDUGVYDJXHRUIX]]\TXHULHV
'($648,',17 VPDUWVTXLG VKDOO IDFLOLWDWH WKH 8VHU
VHDUFKE\DOORZLQJUHVHDUFKUHILQHPHQWDQGVXJJHVWLQJEDVLF
TXHULHV


'($648,',17 VPDUWVTXLG RXWSXWV VKDOO EH
GLVSOD\HGLQQDWXUDOODQJXDJHLQGLIIHUHQWIRUPDWLHLPDJHV
WH[WJUDSKYLDWKH8VHU,QWHUIDFH
'($648,',17 7UDFHDELOLW\ VPDUWVTXLG VKDOO
SURYLGHWUDFHDELOLW\DQGDFFHVVWRWKHVRXUFHRILQIRUPDWLRQ
'($648,',17 8QFHUWDLQW\ 0HDVXUHPHQW WKH 8VHU
,QWHUIDFHVKDOOSURYLGHWUDFHDELOLW\RIWKHXQFHUWDLQW\PHDVXUH
YLD D QXPHULFDO UHSUHVHQWDWLRQ RI XQFHUWDLQW\ IDFWRUV RU
IX]]LQHVVTXDQWLILHUVWRWKH(QG8VHU
'($648,',17 7UDQVSDUHQF\ VPDUWVTXLG VKRXOG
SURYLGH DQG GLVSOD\ WKH H[SODQDWRU\ SURFHVV RI WKH RXWSXW
FRQVWUXFWLRQ
'($648,',17 VPDUWVTXLG VKDOO WUDQVIHU WKH 8VHU
)HHGEDFN WR VPDUWGRJ DQG VPDUWVTXLG
V TXHU\ RSWLPL]HU
RQO\ DIWHU DQ XQFHUWDLQW\ TXDQWLILFDWLRQ ZLOO KDYH EHHQ
SHUIRUPHGRQWKHLQIRUPDWLRQRUFRPPHQWVXEPLWWHGE\WKH
8VHUUHI'($648,'*(1
'($648,',17 VPDUWVTXLG 8VHU ,QWHUIDFH VKRXOG
IHDWXUH D UHFRPPHQGHU V\VWHP WR ERRVW .QRZOHGJH
'LVFRYHU\
'($648,',17 VPDUWVTXLG 8VHU ,QWHUIDFH VKRXOG
JHQHUDWHEDVLFDQDO\WLFV
'($648,',171HZGDWD VPDUWVTXLGVKRXOGDOORZ
8VHUV WR SURSRVH QHZ GDWD WR LQWHJUDWH WR WKH .QRZOHGJH
*UDSKYLDVPDUWGRJYLDWKH8VHU,QWHUIDFH

,QWHUIDFH$FWLYH(QJLQHHULQJ$VVLVWDQW
'($648,'($ VPDUWVTXLG VKDOO DFFHVV DQG H[WUDFW
VWUXFWXUHGGDWDIURPWKHDFWLYHHQJLQHHULQJPRGHO
'($648,'($VPDUWVTXLGVKDOOLQFOXGHWKHGHVLJQRI
DSOXJLQLQWHJUDWHGWRWKHGHVLJQHQYLURQPHQWWRLQWHUDFWZLWK
WKH8VHU
'($648,'($ VPDUWVTXLG VKRXOG DXWRQRPRXVO\ UXQ
TXHULHV RYHU WKH '($ .QRZOHGJH *UDSK WR VXSSRUW WKH
GHVLJQFRPSDULVRQ
'($648,'($ VPDUWVTXLG VKDOO IODJ PRGHO
LQFRQVLVWHQFLHV WR WKH 8VHU EDVHG RQ WKH .QRZOHGJH
FRQWDLQHGLQWKH'($.QRZOHGJH*UDSK
'($648,'($,QYDVLYHQHVVVPDUWVTXLGSOXJLQVKDOO
QRW EH LQYDVLYH WKH SOXJLQ ZLOO RQO\ DOORZ WKH '($ WR
SURYLGHVXJJHVWLRQVWRWKH8VHU

 7(&+12/2*<75$'(2))
7KLVFKDSWHUIRFXVHVRQWKUHHPDLQSDUWVWKHPDLQVRIWZDUH
FRPSRQHQWVWKDWKDYHEHHQLGHQWLILHGIRUWKHGHYHORSPHQWRI
WKH H[SHUW V\VWHP DFFRUGLQJ WR WKH UHTXLUHPHQWV VWDWHG LQ
VHFWLRQWKHSDUDPHWHUVVHOHFWHGIRUWKHTXDOLWDWLYHWUDGH
RII WRFRPSDUH WKHGLIIHUHQWSRVVLEOHFRQILJXUDWLRQVIRU WKH
VRIWZDUHGLVFRYHUHGDQGWKHODVWSDUWKLJKOLJKWVWKHVRIWZDUH
VHOHFWHGIRUWKHVRIWZDUHFRQILJXUDWLRQ



 6RIWZDUHDUFKLWHFWXUH
7KH '($ UHOLHV RQ DQ (6 DUFKLWHFWXUH WDNLQJ LQWR
FRQVLGHUDWLRQIRXUFRPSRQHQWVWKH.*WKHLQIHUHQFHHQJLQH
WKH'DWDEDVHRI5XOHVDQGWKH8,7KHIROORZLQJFKDSWHUZLOO
IRFXVRQWKHVRIWZDUHFRPSRQHQWVLQWHUIDFHVDQGODQJXDJHV
WREHFRQVLGHUHGIRUWKHILQDODUFKLWHFWXUH
7KHGLIIHUHQWVRIWZDUHFRPSRQHQWVUHTXLUHGDFFRUGLQJWRWKH
'($UHTXLUHPHQWVDUH
7KH2QWRORJ\/HDUQLQJ6\VWHP$WRROWKDWLQFOXGHVDOOWKH
DOJRULWKPV DQG PRGXOHV UHTXLUHG WR DOORZ WKH VHPL
DXWRPDWLF JHQHUDWLRQ DQG WKH SRSXODWLRQ RI WKH .* LH
'RRGOH ,, 7H[W2QWR 2QWR/HDUQ +$67, 2QWRJHQ
/H[2QW2QWR*DLQ>@>@
7KH5XOH([WUDFWLRQ$PRGXOHGHYHORSHGIRUWKHH[WUDFWLRQ
RIUXOHVIURPWKHGRFXPHQWV7KHVHUXOHVZLOOEHXVHGE\WKH
LQIHUHQFHHQJLQHWRSURYLGHDQVZHUV
7KH2QWRORJ\(GLWRU$FRPSXWHUSURJUDPHQDEOLQJWKH8VHU
WRSHUIRUPDFWLRQVRQWKHRQWRORJ\LH3URWHJp$SDFKH-HQD
$/729$)OXHQW(GLWRU*UDNQHGLWRU>@
7KH,QIHUHQFH(QJLQHRU5HDVRQHU7KHVRIWZDUHWKDWLQIHUV
NQRZOHGJHXVLQJWKHUXOHVDQGDOORZVWKHUHDVRQLQJRQWKH
LQIRUPDWLRQFRQWDLQHGZLWKLQWKH.*LH+HUPLW)DFW
-IDFW 3HOOHW (ON 5DFHU 6QRURFNHW )X]]\'/ (OHSKDQW
*UDNQUHDVRQHU>@
7KH5XOH(QJLQH7KHVRIWZDUHWKDWDOORZVWKHVWDWHPHQWRI
UXOHV DFFRUGLQJ WR WKH ODQJXDJH VHOHFWHG 7KLV FRPSRQHQW
FRXOGEHPHUJHGZLWKWKHLQIHUHQFHHQJLQHLQVRPHWRROLH
&/,36-(66'URROV
7KH 8VHU ,QWHUIDFH 8, ± 7KH 8, GHSHQGV RQ WKH W\SH RI
DSSOLFDWLRQDQGWDUJHWXVHUV
7KHFRPSDWLELOLW\RIWKHVHFRPSRQHQWVLVQRWRQO\UHODWHGWR
DVRIWZDUHSRLQWRIYLHZEXWDOVRIURPDPRGHOLQJSRLQWRI
YLHZ,QSDUWLFXODUWKHODQJXDJHVWREHFRQVLGHUHGIRUWKH(6
DFFRUGLQJWRWKHVRIWZDUHFRPSRQHQWVLGHQWLILHGDERYHDUH
1DWXUDO/DQJXDJH1/±1/LVWKHPRVWFRPSOH[WREHGHDOW
ZLWK1/LVDPELJXRXVDQGVXEMHFWLYHPDQ\FRQFHSWVFDQEH
H[SODLQHGLQGLIIHUHQWZD\VDQGLWLVQRWHDV\IRUDPDFKLQH
WRFDSWXUHWKHGLIIHUHQWPHDQLQJVLQGLIIHUHQWFRQWH[W
7KH2QWRORJ\/DQJXDJH2/±2/LVWKHODQJXDJHVHOHFWHG
IRUWKHGDWDPRGHOLQJ7KLVODQJXDJHDOORZVWKHLQWURGXFWLRQ
RIFRQFHSWVRUHQWLWLHVUHODWLRQVKLSVD[LRPVDQGSURSHUWLHV
UHODWLYH WR WKHVSHFLILFGRPDLQ7KHFKRLFHRI WKHODQJXDJH
LQWURGXFHV FRQVWUDLQW LQ WKH OHYHO RI H[SUHVVLYLW\ 7KLV
VHOHFWLRQ LV HVVHQWLDO EHFDXVH LW LV RQH RI WKH PDLQ IDFWRUV
WRJHWKHUZLWKWKHFKRLFHRIWKHUHDVRQHUWKDWDIIHFWVWKHTXHU\
UHVSRQVH WLPH LH 2:/ 5')6 )/RJLF 352:/
*UDTO
7KH 5XOH /DQJXDJH ± 7KH 5XOH /DQJXDJH LV WKH ODQJXDJH
UHTXLUHGWRVWDWHWKHUXOHV,WLVXVXDOO\QRWWKHVDPHDVWKHRQH
XVHG IRU WKH 2/ DQG LW KDV WR EH FRPSDWLEOH ZLWK LW LH
6:5/*UDTO
7KH2QWRORJ\4XHU\/DQJXDJH7KLVLVWKHODQJXDJHXVHGWR
TXHU\ WKH .* WKURXJK WKH LQIHUHQFH HQJLQH WR SURYLGH WKH


FRUUHFWDQVZHU7KLVODQJXDJHLVGLIIHUHQWGHSHQGLQJRQWKH
FRPSDWLELOLW\ZLWKRQWRORJ\TXHU\ODQJXDJHVUHDVRQHUVDQG
RQWRORJ\ODQJXDJHLH63$54/63$54/'/*UDTO
$FFRUGLQJ WR WKH ODQJXDJHV DQDO\]HG WKH ODQJXDJH
FRQYHUVLRQV UHTXLUHG WR VDWLVI\ FRPSDWLELOLW\ DQG
LQWHURSHUDELOLW\EHWZHHQWKHVRIWZDUHFRPSRQHQWVDUH
Ɣ IURP1DWXUDO/DQJXDJHWR2QWRORJ\/DQJXDJHDQG
YLFHYHUVD
Ɣ IURP1DWXUDO/DQJXDJHWR5XOHODQJXDJHDQGYLFH
YHUVD
Ɣ IURP 1DWXUDO /DQJXDJH WR 2QWRORJ\ 4XHU\
/DQJXDJHDQGYLFHYHUVD
7KHPRVWJHQHUDOVRIWZDUHDUFKLWHFWXUHSURSRVHGIRUWKH'($
DFFRUGLQJWRWKHDQDO\VLVRIWKHGLIIHUHQWIDFWRUVLVVKRZQLQ
)LJXUH  ZKLOH 7DEOH  VXPPDUL]HV WKH FODVVHV DQG WKH
IDFWRUVZLWKLQHDFKFODVV
,IZHIRFXVRQWKHVHOHFWLRQRIWKUHHFRPSRQHQWVRIWKH(6
WKHRQWRORJ\HGLWRUUHDVRQHUDQGUXOHHQJLQHWKHSRVVLEOH
FRPELQDWLRQV JHQHUDWH VHYHUDO VROXWLRQV ZLWK GLIIHUHQW
DGYDQWDJHVDQGGLVDGYDQWDJHV,QSDUWLFXODUWKHDGRSWLRQRI
RQH2/SXWVWKHFRQVWUDLQWRQWKHOHYHORIH[SUHVVLYLW\ZKLFK
DWWKHVDPHWLPHFRQVWUDLQVWKHVHOHFWLRQRIWKHUHDVRQHUDQG
WKH TXHU\ ODQJXDJH 7KHUHIRUH ZH ILUVW DQDO\]HG VHYHUDO
RQWRORJ\ODQJXDJHVDFFRUGLQJWRWKHIROORZLQJSDUDPHWHUV
Ɣ /RJLF
Ɣ 2QWRORJ\0RGHOOLQJ&RQVWUXFW
Ɣ &RPSDWLEOH5HDVRQHU
Ɣ &RPSDWLEOH2QWRORJ\4XHU\/DQJXDJH
7KH2/FRQVLGHUHGDUH5')62:/)XOO2:/'/
2://LWH2:/'/DQG*UDTO
:H DQDO\]HG VHYHUDO UHDVRQHUV DFFRUGLQJ WR WKH IROORZLQJ
SDUDPHWHUV
Ɣ ([SUHVVLYLW\
Ɣ &RPSDWLEOH2QWRORJ\/DQJXDJH
Ɣ &RPSDWLEOH2QWRORJ\4XHU\/DQJXDJH
Ɣ 5XOH/DQJXDJH6XSSRUW
Ɣ 5HDVRQHUPHWKRGRORJ\
Ɣ 6XSSRUWHG5HDVRQLQJ6HUYLFHV
Ɣ /LFHQVLQJ
Ɣ $YDLODELOLW\
Ɣ /DQJXDJHLPSOHPHQWDWLRQ
Ɣ /DVW5HOHDVH
7KHUHDVRQHUVFRQVLGHUHGDUH+HUPLW)DFW-)DFW3HOOHW
(/. 5DFHU .RQFOXGH 6QRURFNHW )X]]\'/ 'H/RUHDQ
&(/0DVWUR7U2:/(/HSKDQWMFHO&KDLQVDZDQG*UDTO
UHDVRQHU 0RVW RI WKHVH UHDVRQHUV DUH DOVR UXOH HQJLQHV
7KHUHIRUHZHGLGQRWKDYHWRPDNHDVSHFLILFDQDO\VLV
:HDOVRDQDO\]HGWKHGLIIHUHQW2QWRORJ\(GLWRUVDFFRUGLQJWR
WKHIROORZLQJSDUDPHWHUV
Ɣ $YDLODELOLW\
Ɣ /LFHQVLQJ
Ɣ /DVWYHUVLRQ
Ɣ 3RUWDELOLW\
Ɣ &RPSDWLEOH2QWRORJ\/DQJXDJH
Ɣ &RPSDWLEOH5XOH/DQJXDJH
Ɣ &RPSDWLEOH5HDVRQHU
Ɣ 3URJUDPPLQJ/DQJXDJH
Ɣ ([WHQVLELOLW\
Ɣ 9LVXDOL]HU
Ɣ W\SHRI$SSOLFDWLRQ3URJUDPPLQJ,QWHUIDFH$3,
7KH2QWRORJ\(GLWRUVFRQVLGHUHGDUH3URWHJq)OXHQW(GLWRU
DQG*UDNQ

)LJXUH*HQHUDOVRIWZDUHDUFKLWHFWXUHIRUWKH'($H[SHUWV\VWHP




 


7DEOH&ODVVHVDQGIDFWRUVIRUWKHVRIWZDUHDUFKLWHFWXUH
6RIWZDUHFRPSRQHQWV 7\SHRIODQJXDJHV /DQJXDJHFRQYHUVLRQV
2QWRORJ\/HDUQLQJ6\VWHP
5XOH([WUDFWLRQ
2QWRORJ\(GLWRU
,QIHUHQFH(QJLQH
5XOH(QJLQH
,QWHUIDFH
1DWXUDO/DQJXDJH1/
2QWRORJ\/DQJXDJH2/*
5XOH/DQJXDJH5/
2QWRORJ\4XHU\/DQJXDJH24/
1/WR2/*2/*WR1/
1/WR5/5/WR1/
1/WR24/24/WR1/

 7UDGHRIISDUDPHWHUV
7KH SDUDPHWHUV WDNHQ LQWR DFFRXQW IRU WKH VHOHFWLRQ RI WKH
VRIWZDUHIRUWKHJHQHUDODUFKLWHFWXUHRIWKHH[SHUWV\VWHPDUH
OLVWHGDQGGHVFULEHGEHORZ
&RPSOLDQFH WR 6WDQGDUGV  7KHUH DUH VHYHUDO W\SHV RI
VWDQGDUGV IRU GDWD PRGHOLQJ GDWD H[FKDQJH DQG LQWHUIDFHV
HJ:&(&666SDU4/*UDSK4/-621/'26/&RU
2SHQ 5(67 $3, 7KH FRPSOLDQFH WR VWDQGDUGV LV YLWDO WR
FUHDWHSURGXFWVXQLYHUVDOO\XQGHUVWRRGDQGFRPSDUDEOH7KH
DGRSWLRQ RI QHZ WHFKQRORJ\ LI QRW GHYHORSHG WKURXJK
VWDQGDUGV VKRXOG UHTXLUH D PDSSDELOLW\ ZLWK WKH SULPDU\
VWDQGDUGV

([WHQVLELOLW\([WHQGDELOLW\  ([WHQVLELOLW\ LV D GHVLJQ
SULQFLSOHZKHUHWKHLPSOHPHQWDWLRQFRQVLGHUVIXWXUHJURZWK
VRWKHSRVVLELOLW\WRH[WHQGDV\VWHPWKURXJKWKHDGGLWLRQRI
QHZIXQFWLRQDOLW\RUPRGLILFDWLRQRIH[LVWLQJIXQFWLRQDOLW\

,QWHURSHUDELOLW\  ,QWHURSHUDELOLW\ LV D FKDUDFWHULVWLF RI D
SURGXFW RU V\VWHP ZKRVH LQWHUIDFHV DUH FRPSOHWHO\
XQGHUVWRRG WR ZRUN ZLWK RWKHU SURGXFWV RU V\VWHPV DW
SUHVHQWRULQWKHIXWXUHLQHLWKHULPSOHPHQWDWLRQRUDFFHVV
ZLWKRXWDQ\ UHVWULFWLRQV7KH WRRO VKRXOGEH DEOH WR LPSRUW
DQGH[SRUWIURPRWKHUUHOHYDQWODQJXDJHVDQGGDWDIRUPDWV

/HDUQLQJ&XUYH'HYHORSHUDQG(QG8VHU±7KLVUHSUHVHQWV
WKHOHDUQLQJFXUYHWRLPSOHPHQWRUDGDSWWKHWHFKQRORJ\DQG
WKH OHDUQLQJ FXUYH IRU XVHUV WKDW ZLOO XVH WKH DGRSWHG
WHFKQRORJ\

2QWRORJ\ FRQVWUXFWV  7KH RQWRORJ\ FRQVWUXFWV DGRSWHG
GHSHQGV RQ WKH RQWRORJ\ ODQJXDJH VHOHFWHG HJ &ODVVHV
3URSHUWLHV'DWDW\SH5HODWLRQVKLSV5ROHV7KHDGRSWLRQRI
RQHFRQVWUXFWLQVWHDGRIDQRWKHUDOVRGHSHQGVRQWKHW\SHRI
GDWDWKDWKDVWREHFRQVLGHUHGDQGRQWKHOHYHORIH[SUHVVLYLW\
0RUHRYHUWKHVHFKRLFHVDIIHFWWKHTXHU\UHVSRQVHWLPHRQFH
DTXHU\LVJLYHQWRWKHLQIHUHQFHHQJLQH

4XDOLW\ DQG &RPSOHWHQHVV RI 'RFXPHQWDWLRQ  7KH
GRFXPHQWDWLRQLVIXQGDPHQWDOIRU8VHUWRXVHWKHWRRODQGIRU
'HYHORSHUV WR XQGHUVWDQG WKH LPSOHPHQWDWLRQ DQG WKH
SRVVLELOLW\WRDGGQHZIHDWXUHV

3RUWDELOLW\3RUWDELOLW\EHWZHHQRSHUDWLYHV\VWHPV



3URMHFWVWDWXV:KHQDVSHFLILFVRIWZDUHGHYHORSHGRUXQGHU
GHYHORSPHQWLVVHOHFWHGLWLVHVVHQWLDOWRFRQVLGHUWKHIDFWRUV
WKDW DIIHFW WKH VWDWXV RI WKH SURMHFW DFWLYH XVHUV DFWLYH
GHYHORSHUVUHOHDVHVEXJIL[HVUHVSRQVHWLPHRQTXHVWLRQVRU
UDLVHGLVVXHV

5HDVRQLQJ VHUYLFHV  7KHVH VHUYLFHV JXDUDQWHH FRQVLVWHQF\
DQGUHOLDELOLW\WRWKHPRGHODQGWKHUHIRUHDOVRWRWKHDQVZHUV
WKDWZLOOEHSURYLGHGWRWKHXVHUV,WLVHVVHQWLDOWRWDNHLQWR
DFFRXQWWKHPRVWFULWLFDOUHDVRQLQJVHUYLFHV
4XHU\5HVSRQVH7LPH7KHTXHU\UHVSRQVHWLPHGHSHQGVRQ
WKH VL]HRI WKHNQRZOHGJHJUDSKRQWKHRQWRORJ\ODQJXDJH
DQGWKHUHIRUHRQWKHOHYHORIH[SUHVVLYHQHVVDQGWKHW\SHRI
TXHULHV
6FDODELOLW\  7KH WRRO FDQ JURZ DQG PDQDJH LQFUHDVHG
GHPDQG DGDSWLQJ WR WKH FKDQJLQJQHHGVRU GHPDQGVRI LWV
XVHUV

6RIWZDUH$UFKLWHFWXUH&RPSOH[LW\7KHVRIWZDUHDUFKLWHFWXUH
FRPSOH[LW\ DIIHFWV WKH WLPHOLQH RI D SURMHFW 7KH LQWHUIDFH
EHWZHHQPDQ\VRIWZDUH LVQRWDWULYLDO WDVNDQGLW UHTXLUHV
YDOLGDWLRQ DQG TXDOLW\ FKHFN )RU WKH H[SHUW V\VWHP WKH
FRPSRQHQWVOLVWHGLQ7DEOHQHHGVWREHLQWHUIDFHG

6RXUFHV([DPSOHSURMHFWV,WLVLPSRUWDQWWRKDYHVRXUFHVWR
FKHFNWKHXVHRI WKHVRIWZDUHDQGDSSOLFDWLRQVIRUZKLFKLW
KDVEHHQDGRSWHG

6DWLVIDFWLRQ RI 8VHUV  7KH SRSXODULW\ RI WKH VRIWZDUH
WRJHWKHUZLWKWKHVDWLVIDFWLRQRIWKHXVHUVDUHDOVRWDNHQLQWR
DFFRXQW

9	97HVW)UDPHZRUN7KH9DOLGDWLRQDQG9HULILFDWLRQ
)UDPHZRUNDYDLODEOHIRUWKHVHOHFWHGWHFKQRORJ\
 6RIWZDUHVHOHFWHG
7ZRPDLQFRQILJXUDWLRQVKDYHEHHQFRQVLGHUHGIRUWKHWUDGH
RIIDFFRUGLQJWRWKHUHTXLUHPHQWVVWDWHGLQ
Ɣ XVLQJ 6HPDQWLF :HE WHFKQRORJLHV ILJXUH  DQG
WDEOH
Ɣ XVLQJ*UDNQKWWSJUDNQDL


7KHVHOHFWLRQRIWKHVRIWZDUHFRQILJXUDWLRQDQGODQJXDJHVKDV
EHHQ SHUIRUPHG ZLWK D TXDOLWDWLYH DQDO\VLV XVLQJ WKH
SDUDPHWHUV GHVFULEHG LQ VHFWLRQ  WDNLQJ LQWR
FRQVLGHUDWLRQWKHLPSDFWRIHDFKRIWKHVHSDUDPHWHUVRQWKH
VXFFHVV DQG WLPHOLQHRI WKH UHVHDUFKSURMHFW7KHUHVXOWVRI
WKHWUDGHRIILGHQWLILHG*UDNQDVWKHEHVWVROXWLRQ
*UDNQLVDQLQWHOOLJHQWGDWDEDVHEXLOWIRULQWHOOLJHQWV\VWHPV
DOORZLQJWKHFUHDWLRQRID.*XVLQJWKH*UDTOGDWDPRGHOLQJ
*UDNQGRHVQRWIROORZWKHVWDQGDUGVIRUWKHVHPDQWLFZHEEXW
LWLVLPSOHPHQWHGLQ-DYDSURJUDPPLQJODQJXDJHRQWRSRI
&DVVDQGUD DQG LW SURYLGHV DQ $3, IRU -DYD 3\WKRQ DQG
1RGHMV,WFDQEHLQWHJUDWHGLQWRPDQ\DSSOLFDWLRQVDQGWRROV
7KH $3, DOORZV LQWHURSHUDELOLW\ ZLWK RWKHU WRROV DQG LW LV
SRVVLEOHWRH[WHQG LWV IXQFWLRQDOLWLHV WKDQNV WRWKHGLIIHUHQW
LQWHUIDFHV ,W KDV D XQLTXH DQG 8VHUIULHQGO\ YLVXDOL]HU
DOORZLQJ IRU YDOLGDWLRQ RI WKH NQRZOHGJH JUDSK 7KH GDWD
PRGHOLQJ LV YHU\ LQWXLWLYH DQG YHU\ IDVW WR EH OHDUQHG
HVSHFLDOO\IRUXVHUVZLWKVRIWZDUHEDFNJURXQGEXWQRWRQO\
7KHRQWRORJ\FRQVWUXFWVLQWKH*UDTOODQJXDJHFDQEHPDSSHG
DWDFHUWDLQOHYHOZLWKWKHVWDQGDUGIRUWKHVHPDQWLFZHEDQG
ZLWKRXWFUHDWLQJOLPLWVLQWKHXVHRIWKHWRRO*UDNQLVSRUWDEOH
LQ GLIIHUHQW RSHUDWLQJ V\VWHPV /LQX[ 0DF26 DQG
:LQGRZVDQG LWKDVH[WHQVLYHGRFXPHQWDWLRQSURYLGHGRQ
WKHZHEVLWHWKDWHDVHVWKHOHDUQLQJFXUYHIRUGHYHORSHUVDQG
QHZXVHUV7KHSURMHFWLVYHU\DFWLYHDQGUHFHQWO\UHOHDVHGWKH
YHUVLRQ  E\ WKH WLPH WKLV SDSHU KDV EHHQ FUHDWHG )RU
*UDTOUHDVRQHUDOOWKHUHDVRQLQJVHUYLFHVDUHSURYLGHGIRUWKH
*UDTO GDWD PRGHOLQJ 5HDOLVDWLRQ &ODVVLILFDWLRQ
6DWLVILDELOLW\ &RQMXQFWLYH 4XHU\ $QVZHULQJ (QWDLOPHQW
&RQVLVWHQF\ DQG ([SODQDWLRQ WKHUHIRUH PDWFKLQJ WKH
UHTXLUHPHQW IRU WKH GHYHORSPHQW RI WKH WRRO '($'2*
,1)4XHU\UHVSRQVHWLPHDQGVFDODELOLW\GHSHQGRQWKH
W\SHRINQRZOHGJHJUDSKGDWDDQGH[SUHVVLYHQHVVDGRSWHG
LQWKHSURMHFW
5HJDUGLQJ WKH VRIWZDUH DUFKLWHFWXUH FRPSOH[LW\ ILJXUH 
GLVSOD\V WKH DGYDQWDJHV RI WKH DGRSWLRQ RI WKLV WRRO DV LW
HQFDVHVWKUHHRIWKHPDLQFRPSRQHQWVIRUWKHH[SHUWV\VWHP
WDEOH  LH .QRZOHGJH *UDSK ,QIHUHQFH (QJLQH DQG
'DWDEDVH RI 5XOHV HQDEOLQJ .QRZOHGJH 'LVFRYHU\ DQG
$QDO\WLFV WKURXJK WKH *UDNQ WRRO 7KLV VROXWLRQ OHDYHV XV
ZLWKWKHSRVVLELOLW\WRIRFXVRQWKHVSHFLILFUHVHDUFKIRUWKH
3K'SURMHFWVDYRLGLQJWKHLPSOHPHQWDWLRQRIWKHLQWHUIDFHV
EHWZHHQ WKH PDLQ FRPSRQHQWV RI WKH H[SHUW V\VWHP DQG
FRQVLGHULQJRQHVLQJOHODQJXDJHIRUWKHRQWRORJ\WKHUXOHV
DQGWKHTXHULHV
$OO *UDNQ SURMHFWV FDQ EH IRXQG LQ WKH *UDNQ EORJ
KWWSVEORJJUDNQDL HJ %LRORJ\ DSSOLFDWLRQV FKDWERWV
PRYLH UHFRPPHQGHUV 7KH SRSXODULW\ RI WKH VRIWZDUH DQG
XVHUVVDWLVIDFWLRQDUHZLWQHVVHGE\WKHUHFHQWLQWURGXFWLRQRI
*UDNQ LQ ERWK *RRJOH DQG $PD]RQ &ORXG 'XH WR WKH
GLIIHUHQW LQWHUIDFHV LQ GLIIHUHQW SURJUDPPLQJ ODQJXDJHV
-DYD3\WKRQDQG -DYD6FULSW*UDNQDOORZVPDQ\FKRLFHV
IRU WKH FUHDWLRQ RI WKH 9DOLGDWLRQ DQG 9HULILFDWLRQ
)UDPHZRUN

)LJXUH6RIWZDUHDUFKLWHFWXUHIRUWKHH[SHUWV\VWHPDGRSWLQJ6HPDQWLF:HE7HFKQRORJLHV
7DEOH&ODVVHVDQGIDFWRUVIRUWKHVRIWZDUHDUFKLWHFWXUHZLWK6HPDQWLF:HE7HFKQRORJLHV
6RIWZDUHFRPSRQHQWV 7\SHRIODQJXDJHV /DQJXDJHFRQYHUVLRQV
2QWRORJ\/HDUQLQJ6\VWHP
5XOH([WUDFWLRQ
3URWHJqKWWSVSURWHJHVWDQIRUGHGX6:5/3OXJLQ
KWWSVJLWKXEFRPSURWHJHSURMHFWVZUOWDESOXJLQ
3HOOHWKWWSVJLWKXEFRPVWDUGRJXQLRQSHOOHW
,QWHUIDFH
1DWXUDO/DQJXDJH1/
2:/'/
6:5/
63$54/'/
1/WR2/*2/*WR1/
1/WR5/5/WR1/
1/WR24/24/WR1/




)LJXUH6RIWZDUHDUFKLWHFWXUHIRUWKHH[SHUWV\VWHPDGRSWLQJ*UDNQWHFKQRORJ\
7DEOH&ODVVHVDQGIDFWRUVIRUWKHVRIWZDUHDUFKLWHFWXUHZLWK*UDNQWHFKQRORJ\
6RIWZDUHFRPSRQHQWV 7\SHRIODQJXDJHV /DQJXDJHFRQYHUVLRQV
2QWRORJ\/HDUQLQJ6\VWHP
5XOH([WUDFWLRQ
*UDNQ2QWRORJ\(GLWRU
*UDTOUHDVRQHU,QIHUHQFH5XOH
(QJLQH
,QWHUIDFH
1DWXUDO/DQJXDJH1/
*UDTO2QWRORJ\/DQJXDJH5XOH
/DQJXDJH2QWRORJ\4XHU\
/DQJXDJH
1/WR*UDTO*UDTOWR1/
 62)7:$5($5&+,7(&785(
$VKLQWHGLQ)LJXUHWKH'($DUFKLWHFWXUHLVEDVHGRQWKH
DOOLDQFH RI WZR PDLQ VHW RI PHWKRGV VPDUWVTXLG DQG
VPDUWGRJ UHVSHFWLYHO\ FRUUHVSRQGLQJ WR WKH IURQW DQG
EDFNHQGRIWKH'($7KLVFKDSWHUZLOOJRPRUHLQGHWDLOV
RIHDFKFRPSRQHQWVVRIWZDUHDUFKLWHFWXUH
 VPDUWVTXLG'($)URQW(QGDQGVWUXFWXUHGGDWD
DVVLPLODWLRQ
VPDUWVTXLGPRGXOHVHQFRPSDVVDOODFWLYLWLHVUHODWHGWRWKH
IURQWHQGRIWKH(6,QWKHIUDPHRIWKH'($SURMHFWWKH
IURQWHQGVXSSRUWVWKH+XPDQ0DFKLQH,QWHUDFWLRQ+0,
YLDDZHEEDVHGLQWHUIDFHDQGDGHVLJQHQYLURQPHQWSOXJ
LQ

9LDWKHZHEEDVHGLQWHUIDFH WKH8VHUHQWHUV1/TXHULHV
ZKLFKDUHGHFRPSRVHGDQGDQDO\]HGE\VPDUWVTXLGTXHU\
HQJLQHXVHGWRJHQHUDWHDTXHU\H[HFXWLRQSODQWRH[WUDFW
DQGJHQHUDWHNQRZOHGJHEDVHGRQ WKH.*DQGJHQHUDWHG
ZLWK LQIHUHQFH HQJLQH 7KH ZHEEDVHG LQWHUIDFH DOVR
HQDEOHV WKH HOLFLWDWLRQ RI WKH 8VHU WDFLW NQRZOHGJH YLD D
IHHGEDFNORRS

9LDWKHGHVLJQHQYLURQPHQWSOXJLQWKH'($ZLOODFFHVV
WKH VWUXFWXUHG GDWD UHODWHG WR WKH ZRUNLQJ GHVLJQ 7KH
GHWDLOHGDUFKLWHFWXUHRIVPDUWVTXLGLVSUHVHQWHGLQ)LJXUH
DQGIXUWKHUPRUHGHVFULEHGLQ WKLVVXEFKDSWHU7KHQH[W
VXEFKDSWHU ZLOO IRFXV RQ XQFHUWDLQWLHVTXDQWLILFDWLRQ DQG
PDQDJHPHQWIURPWKHIURQWHQGSHUVSHFWLYH
 'HWDLOHG6RIWZDUH$UFKLWHFWXUH
$VVKRZQLQ)LJXUHWKHVRIWZDUHDUFKLWHFWXUHRIVPDUW
VTXLGLVGLYLGHG LQWR WZRSDUWVRQHFRUUHVSRQGLQJ WR WKH
NQRZOHGJH HQJLQH FRQWLQXRXV EODFN OLQHV DQG EOXH
PRGXOHVDQGRQHWRWKHGHVLJQDVVLVWDQWLQWHJUDWHGLQWRWKH
GHVLJQHQYLURQPHQWJROGHQPRGXOHVDQGGRWWHGOLQHV
$Q H[DPSOH VXSSRUWV WKH GHVFULSWLRQ RI WKH VPDUWVTXLG
DUFKLWHFWXUHEDVHGRQ(DUWK2EVHUYDWLRQ(2PLVVLRQVDQG
/%DQG6\QWKHWLF$SHUWXUH5DGDU6$5DW\SHRIUHPRWH
VHQVLQJ SD\ORDG $ YHU\ EDVLF .* ZDV JHQHUDWHG ZLWK
JUDNQDL KWWSVJUDNQDL FRQWDLQLQJ VHYHQ VSDFHFUDIW
IURPGLIIHUHQWDJHQFLHV$/26>@1,6$5>@3$=
>@ 6$2&20$ >@ 6HQWLQHO$ >@ 7DQGHP/
>@DQG7DQGHP;>@7KH\DOOKDYH6$5SD\ORDGVEXW
LQGLIIHUHQWEDQGV /EDQG &EDQGDQG;EDQG)RU WKLV
H[DPSOHWKH.*VWUXFWXUHLVRQSXUSRVHYHU\EDVLFRQO\
IRXU HQWLWLHV ZHUH GHILQHG 0LVVLRQ7\SH 6SDFHFUDIW
3D\ORDG7\SHDQG6$5%DQGZLGWK:HLPDJLQHWKDW
WKH 8VHU LV LQWHUHVWHG WR VHDUFK IRU /EDQG (DUWK
2EVHUYDWLRQPLVVLRQV

:HEEDVHG ,QWHUIDFH  7KH 8VHU HQWHUV D 1/ TXHU\ LQ
(QJOLVKYLDDVHDUFKEDURQWKHZHEEDVHG8,7KHUDQJHRI
TXHULHVRUUHTXHVWVDFFHSWHGE\WKHWRROKDVEHHQUHILQHG
DIWHU D VHW RI H[SHUWV LQWHUYLHZV DV GHVFULEHG LQ  $Q
H[DPSOH RI D TXHU\ FRXOG EH ³6KRZ /EDQG 6$5
VDWHOOLWHV´ 7R KHOS WKH 8VHU IRUPXODWH KLVKHU UHVHDUFK


LQWHQWLQWRDZULWWHQTXHU\WKH8,ZLOOLQFOXGHUHILQHPHQW
RSWLRQV SUHVHQWHG DV RSWLRQDO FKHFNER[HV )RU LQVWDQFH
WKH8VHUFRXOGVHOHFW³(DUWK2EVHUYDWLRQ´DVWKHSUHIHUUHG
PLVVLRQ W\SH)LOWHULQJ RU UHILQHPHQWRSWLRQV DUH XVHG WR
EHWWHU DQVZHU WKH 8VHU¶V QHHG DQG WDUJHW PRUH VSHFLILF
DUHDVRIWKH.*WRGHFUHDVHFRPSXWDWLRQDOWLPH
7KH UHVXOWVRI WKH 8VHUTXHU\ DUHGLVSOD\HGRQ WKH VDPH
ZHEEDVHG 8, 2XWSXWV VKRXOG EH JHQHUDWHG LQ GLIIHUHQW
IRUPDWVIRULQVWDQFHFRPSDULVRQWDEOHVH[WUDFWHGILJXUHV
RU LPDJHV RU D VXPPDU\ RI LQIRUPDWLRQ  )RU WKH WRRO
VXFFHVVIXO LQWHJUDWLRQ DQG DFFHSWDQFH E\ WKH H[SHUWV
WUDQVSDUHQF\UHOLDELOLW\DQGXQFHUWDLQW\PHDVXUHPHQWVDUH
HVVHQWLDOV7KH8VHUVKRXOGWKHUHIRUHEHDEOHWRDFFHVVWKH
VRXUFH RI WKH LQIRUPDWLRQ FI WUDFHDELOLW\ UHTXLUHPHQW
'($648,',17 7KH RULJLQDO GRFXPHQWV ZLOO EH
VDYHGLQD3RVWJUH64/DQGDVVRFLDWHGWRWKHFRUUHVSRQGLQJ
QRGHVRIWKH.*7KH'($VKRXOGEHFOHDURQWKHGHJUHH
RIFHUWDLQW\WKH8VHUFDQKDYHLQWKHRXWSXWVFIXQFHUWDLQW\
UHTXLUHPHQW '($648,',17 7KH RXWSXWV ZLOO EH
DVVRFLDWHG WR D QXPHULFDO XQFHUWDLQW\ TXDQWLILFDWLRQ
)LQDOO\ WKH H[WUDFWLRQ DQG DQVZHU JHQHUDWLRQ SURFHVV
VKRXOGQRWEHDEODFNER[FIWUDQVSDUHQF\UHTXLUHPHQW
'($648,',177KH'($VKRXOGSURYLGHDVLPSOH
RYHUYLHZ RI WKH DQDO\WLFDO SURFHVV WR MXVWLI\ WKH RXWSXWV
VHOHFWLRQ (VWDEOLVKLQJ WKH WUXVW UHODWLRQVKLS EHWZHHQ WKH
'($DQGWKH8VHULVDFUXFLDOHOHPHQWIRUWKHLQWHJUDWLRQ
RIWKHWRROLQWRWKHH[SHUWV
ZRUNLQJKDELWV
7KHUROHRIWKH8,DQGWKHNQRZOHGJHH[WUDFWLRQLVDOVRWR
ERRVW NQRZOHGJH GLVFRYHU\ YLD WKH LPSOHPHQWDWLRQ RI D
UHFRPPHQGHU V\VWHP HQFRXUDJLQJ WKH H[SHUWV WR H[SORUH
DOWHUQDWLYH GHVLJQ RSWLRQV 7KH 8, DOORZV WKH 8VHU WR
VXEPLWQHZGRFXPHQWV WR WKH.*7KHQHZGDWDZLOOJR
WKURXJK WKH VDPH ILOWHULQJ SDWK DV RWKHU GRFXPHQWV
VXEPLWWHGWRVPDUWGRJEHIRUHEHLQJLQWHJUDWHGRUQRWWRWKH
.* )LQDOO\ D VLJQLILFDQW SDUW RI WKH 8, ZLOO EH WKH
LQWHJUDWLRQ RI WKH 8VHU IHHGEDFN ORRS ZKLFK LV IXUWKHU
GHYHORSHGLQWKHODVWSDUDJUDSK
4XHU\&RPSLOHU7KH4XHU\FRPSLOHUUHFHLYHVD1/LQSXW
DQGJHQHUDWHVDTXHU\H[HFXWLRQSODQLQWKHTXHU\ODQJXDJH
XVHG WR PRGHO WKH .* 6LQFH WKH WHFKQRORJ\ WUDGHRII
VXPPDUL]HGLQFKDSWHUVXJJHVWHGWKHXVHRI*UDNQDLWKH
TXHU\H[HFXWLRQSODQPXVWEHZULWWHQLQ*UDTOWKHTXHU\LQJ
DQGUHDVRQLQJODQJXDJHRI*UDNQ7KHTXHU\FRPSLOHUKDV
WKUHHPDLQPRGXOHVWKH1/3PRGXOHWKH4XHU\DQDO\VLV
RSWLPL]HUPRGXOHDQGWKHWUDQVODWLRQLHFRGHJHQHUDWLRQ
WRTXHU\ODQJXDJHPRGXOH7KH1/3PRGXOHLVVLPLODUWR
WKHRQHXVHGE\VPDUWGRJ7KHUROHRIWKHTXHU\FRPSLOHU
VKRXOGDOVREHWRHYHQWXDOO\JUDVSWKHUHDOLQWHQWEHKLQGWKH
8VHU TXHU\ LH SHUIRUP D VHPDQWLF VHDUFK 7KH TXHU\
GHFRPSRVLWLRQLQWRDEDVLFVHWRITXHULHVWDNHVSODFHLQWKH
4XHU\ DQDO\VLV RSWLPL]HU PRGXOH $Q RSWLPL]HG
GHFRPSRVLWLRQRI WKH8VHUTXHU\ LQWREDVLFVRQHVDOORZV
H[WUDFWLQJNQRZOHGJHIURPWKH.*PRUHHIILFLHQWO\7KH
TXHULHVDUH WUDQVODWHG LQWR WKH*UDTOTXHU\ ODQJXDJHDVD
4XHU\([HFXWLRQ3ODQ
4XHU\ ([HFXWLRQ  7KH 4XHU\ ([HFXWLRQ UHOLHV RQ WKH
*UDNQ$3,7DEOHSUHVHQWVH[DPSOHVRI*UDTOTXHULHVDQG
WKHLU QDWXUDO ODQJXDJH HTXLYDOHQW 7KH FRQVWUXFWLRQ RI
*UDNQ TXHULHV LV IXUWKHUPRUH H[SODLQHG LQ >@ *UDNQ
SURYLGHVDYLVXDOL]HURQDORFDOKRVWH[KLELWLQJYLDDZHE
LQWHUIDFHWKHRXWSXWVRIDTXHU\7KHYLVXDOL]DWLRQRI WKH
WZRILUVWTXHULHVDVZHOODV WKHFRGHXVHGWRJHQHUDWHWKH
.* VDPSOH FDQ EH IRXQG LQ WKH $SSHQGL[ ZKLOH WKH
YLVXDOL]DWLRQRIWKHWKLUGTXHU\LHFRUUHVSRQGLQJWRWKH
H[DPSOH RI /EDQG 6$5 PHQWLRQHG SUHYLRXVO\ LV
GLVSOD\HGLQ)LJXUH

,WKDVWREHXQGHUOLQHG WKDWWKH*UDNQDLYLVXDOL]HULVQRW
WKH '($ LQWHUIDFH 7KH *UDNQDL YLVXDOL]HU LQSXWV DUH
ZULWWHQ LQ *UDTO DQG WKH RXWSXWV DUH D GLVSOD\ RI WKH
UHOHYDQWSDUWRIWKH.*FRUUHVSRQGLQJWRWKH8VHUTXHU\
ZKHUHDV WKH '($ LQWHUIDFH WDUJHWV 1/ LQSXWV DQG ZLOO
FRPELQHDQGJHQHUDWHNQRZOHGJHEDVHGRQWKHNQRZOHGJH
H[WUDFWHGDQGLQIHUUHGIURPWKH.*
)LJXUH'HWDLOHG$UFKLWHFWXUHRIVPDUWVTXLG)URQW(QGRIWKH'($



7DEOH(TXLYDOHQW8VHU4XHULHVH[DPSOHVLQQDWXUDO
ODQJXDJHDQG*UDTOODQJXDJH
1/TXHU\ *UDTOTXHU\
6KRZ DOO
(DUWK
2EVHUYDWLRQ
PLVVLRQV
PDWFK[LVDPLVVLRQ7\SH\KDV
QDPH³(2´RIIVHWOLPLWJHW
6KRZ DOO
VDWHOOLWHV ZLWK
6$5
SD\ORDGV
PDWFK[LVDVSDFHFUDIW\LVD
SD\ORDG\KDVSOQDPH³6$5´
[\LVD+DV3D\ORDG]LVD
6$5%DQG\]LVD+DV%DQGZLGWK
RIIVHWOLPLWJHW
6KRZ /EDQG
6$5VDWHOOLWHV
PDWFK[LVDVSDFHFUDIW\LVD
6$5EDQG]KDVEDQG³/EDQG´
[\LVD+DV6$5ZLWK%DQGZLGWK
RIIVHWOLPLWJHW

7KHTXHU\RXWSXWVVKRZQLQ)LJXUHDUHFRUUHFWDVRXWRI
WKHVSDFHFUDIWHQWHUHGLQWRWKHWHVW.*RQO\1,6$5
7DQGHP/$/26DQG6$2&20$KDYH/EDQG6$5
SD\ORDGV
5HVXOWV *HQHUDWLRQ  2QFH WKH FDQGLGDWH IDFWV RU
NQRZOHGJHKDYHEHHQH[WUDFWHGIURPWKH.*WKH5HVXOW
*HQHUDWLRQ PRGXOH RI VPDUWVTXLG UDQNV WKH IDFWV DQG
WUDQVIRUP WKH UDZ LQIRUPDWLRQ LQWR WKH XVHIXO IRUPDW
HJ FRPSDULVRQ WDEOHV WH[W VXPPDULHV WR EH PDGH
DYDLODEOHWRWKH8VHUYLDWKH8,
%HWZHHQWKHUDQNLQJDQGWKHRUJDQL]DWLRQRI WKHRXWSXWV
WKHGDWDKDVWREHFRQYHUWHGDJDLQWR1/YLDDVHFRQG1/3
PRGXOH 7KH UDQNLQJ RI WKH FDQGLGDWH IDFWV LV EDVHG RQ
IDFWRUVGHSHQGLQJRQFHUWDLQW\ DQG UHOHYDQFHFRHIILFLHQWV
FRPELQDWLRQVDVVRFLDWHGZLWKWKHGDWDDQGDG\QDPLFIDFWRU
UHODWHG WR WKH 8VHU )HHGEDFN ,Q ODWHU SKDVHV
/HDUQLQJ7R5DQN DOJRULWKP FDQ EH LPSOHPHQWHG WR
LPSURYH WKH IDFWV UDQNLQJ FRQWLQXRXVO\ ,QWURGXFWLRQ RI
0DFKLQH/HDUQLQJLQWRWKHUDQNLQJSURFHVVKDVOHGWRWKH
HPHUJHQFH RI /HDUQLQJ7R5DQN DOJRULWKPV DOVR FDOOHG
0DFKLQH/HDUQHG 5DQNLQJ 0/5 >@ LQWURGXFHV
GLIIHUHQW DSSURDFKHV WR /HDUQLQJ7R5DQN )DPRXV
H[DPSOHV RI 0/5 DOJRULWKPV DUH 5DQN1HW DQG
/DPEGD0$57E\0LFURVRIW5HVHDUFK>@>@
)HHGEDFN /RRS  7KHUH DUH WZR GLIIHUHQW NLQGV RI
NQRZOHGJHWDFLWHJXQVSRNHQUXOHVRINQRZKRZUXOH
RIWKXPEDQGH[SOLFLWHJUHSRUWVSUHVHQWDWLRQV>@
)HHGEDFNFDQDOVREHGLYLGHGEHWZHHQLPSOLFLWDQGH[SOLFLW
IHHGEDFN 7KLV SDUDJUDSK IRFXVHV RQ H[SOLFLW IHHGEDFN
,QWHJUDWLQJ D 8VHU )HHGEDFN ORRS LQ WKH 8, DOORZV
FDSWXULQJSDUWRIWKHWDFLWNQRZOHGJHIURPWKHXVHUV)RU
H[DPSOHD8VHUPLJKWZDQWWRXSGDWHWKHODXQFKGDWHRID
VSDFHFUDIW EHFDXVH VKHKH KDV D PRUH UHFHQW VRXUFH RI
LQIRUPDWLRQ$VGHILQHGE\WKHUHTXLUHPHQW'($648,'
*(1 WKH IHHGEDFN ORRS VKRXOG HYHQWXDOO\ EH DQ
DXWRPDWLFSURFHVVWRIDFLOLWDWHWKHWRROPDLQWHQDQFH
,WLVERWKLQWKHLQWHUHVWRIWKHV\VWHPDQGRIWKH8VHUVWR
DOORZ FRQWLQXRXV LQSXWV RI QHZ LQIRUPDWLRQ 7KH H[DFW
SURFHVV RI WKH IHHGEDFN ORRS ZLOO EH VKDUHG LQ ODWHU
SXEOLFDWLRQV$VDSUHOLPLQDU\RSWLRQLWLVFRQVLGHUHGWKDW
WKH8VHU IHHGEDFNFRXOGEHFROOHFWHGE\ OHWWLQJ WKH8VHU
DVVLJQDJUDGHWRDQRXWSXWFRQWHQWRUIRUPDWHJUDWLQJ
WKHXVHIXOQHVVIURPWRRIDQRXWSXWDQGSRVVLEO\DGG
ZULWWHQFRPPHQWVDVZHOOHJFRPPHQWLQJRQDYDOXHWKDW
VKRXOG EH XSGDWHG RU LV QRW DFFXUDWH +RZHYHU WKLV
DXWRPDWL]HG IHHGEDFN SURFHVV PXVW EH FRQVLGHUHG ZLWK
FDUH WR DYRLG WKH LQMHFWLRQ RI XQFHUWDLQWLHV DQG
GLVHTXLOLEULXPLHXQUHOLDEOHRUWRRVXEMHFWLYHIHHGEDFN
LQWRWKH.*DVGLVFXVVHGLQWKHIROORZLQJVHFWLRQ
,QWHJUDWLRQ WR WKH GHVLJQ HQYLURQPHQW  $V D GHVLJQ
DVVLVWDQW WKH '($ VKRXOG EH LQWHJUDWHG LQWR WKH VWXG\
GHVLJQHQYLURQPHQWHJWKH2&'7>@RUWKH&'3>@
HQYLURQPHQW WR DFFHVV WKH VWUXFWXUHG GDWD RI WKH DFWLYH
HQJLQHHULQJPRGHOV7KHPRGHOVWUXFWXUHGGDWDIURPWKH
2&'7 RU &'3 DUH EDVHG RQ WKH (&66(70$
$QQH[$8QLILHG0RGHOLQJ/DQJXDJH80/PRGHODQG
UHO\RQWKH-621SURWRFRO IRUGDWDH[SRUW7RDVVLPLODWH
WKHHQJLQHHULQJPRGHOGDWDLQWRWKH'($.*WKH(&66
(70$ PRGHO ZDV PDSSHG LQWR D *UDTO VFKHPD
7KH ODVW LWHUDWLRQ RI WKH HQJLQHHULQJ PRGHOV LV WR EH
SRSXODWHG LQWR WKLV VFKHPD DV GDWD OD\HUV 7KH PDSSLQJ
SURFHVVZLOOEHSUHVHQWHGLQDIXWXUHSXEOLFDWLRQ

7KH GHVLJQ DVVLVWDQW LQWHUIDFH ZLWKLQ WKH GHVLJQ
HQYLURQPHQWKDVQRWEHHQGHILQHG\HW,WZLOOEHGRQHDWD
ODWHU GHYHORSPHQW SKDVH RI WKH SURMHFW $Q LGHD LV IRU
LQVWDQFHEHWRKDYHDFKDWERWLQWHUDFWLQJZLWKWKH8VHUWKDW
FRXOGEHPXWHGRUXQPXWHGGHSHQGLQJRQWKH8VHU
VQHHG
WRXVHWKH'($


)LJXUH*UDNQYLVXDOL]HURXWSXWIRUTXHU\6KRZ/EDQG6$5VDWHOOLWHV
9LDWKHGHVLJQHQYLURQPHQWSOXJLQWKH'($ZLOOEHDEOHWR
IROORZ WKH GHVLJQ LWHUDWLRQ DV DQ REVHUYHU UXQQLQJ LQ WKH
EDFNJURXQGDQGVWHSLQWRIODJDPRGHOLQFRQVLVWHQF\RUDQ
RXWOLHUYDOXH)RULQVWDQFHLIDFRPSRQHQWSDUDPHWHUYDOXHLV
LQFRQVLVWHQW ZLWK WKH GDWDVKHHW LQIRUPDWLRQ LQWHJUDWHG LQWR
WKH '($ .* RU LI D YDOXH LV RXWVLGH WKH UDQJH RI YDOXHV
W\SLFDOO\ IRXQG LQ VLPLODU PLVVLRQV DFFRUGLQJ WR WKH
NQRZOHGJHH[WUDFWHGIURPWKH'($.*LHRXWOLHUYDOXH
7KH'($LQWHQGVWREHDQRQLQYDVLYHDVVLVWDQWDQGWKHUHIRUH
ZLOORQO\SURYLGHVXJJHVWLRQVRIPRGLILFDWLRQVWRWKHH[SHUWV
UHI'($648,'($RQLQYDVLYHQHVVUHTXLUHPHQW

 8QFHUWDLQW\0DQDJHPHQWZLWKLQWKH)URQW(QG
8QFHUWDLQWLHVZLWKLQWKHIURQWHQGDUHSDUWO\ LQKHULWHGIURP
WKHEDFNHQG7KHXQFHUWDLQWLHV UHODWHG WR WKH EDFNHQGDUH
GLVFXVVHGLQ:KLOHVPDUWGRJPRGXOHVZLOOGHDOZLWK
WKH XQFHUWDLQW\ PLWLJDWLRQ ZLWKLQ WKH EDFNHQG WKH
WUDFHDELOLW\ RI WKH XQFHUWDLQW\ TXDQWLILFDWLRQ ZLOO OLNHO\ EH
WUDQVPLWWHG WR VPDUWVTXLG YLD &HUWDLQW\ )DFWRUV &)V
DVVRFLDWHGWRWKHGDWDLQWKH.*&)VUHSUHVHQWWKHOHYHORI
FRQILGHQFHLQWKHDVVRFLDWHGGDWD7KH\DUHDQLQWXLWLYHZD\
WRQXPHULFDOO\LOOXVWUDWHWKHGHJUHHRIXQFHUWDLQW\UHODWHGWRD
SLHFHRILQIRUPDWLRQ$&)FDQEHH[SUHVVHGDVIX]]\IDFWRUV
UDWKHUWKDQFULVSDVGHVFULEHGLQ>@&)VDUHRIWHQIRXQGLQ
WKH OLWHUDWXUH >@ GHVFULEHV IRU LQVWDQFH WKH XQFHUWDLQW\
TXDQWLILFDWLRQ DQG PDQDJHPHQW IRU DQ HSLOHSV\ (6 FDOOHG
+,332&5$7((6 7KLV (6 VLPXODWHV WKH UHDVRQLQJ RI
QHXURVFLHQWLVWVWRGLDJQRVHHSLOHSV\,WGHDOVZLWKXQFHUWDLQW\
E\RUGHULQJWKHSRWHQWLDOGLDJQRVLVSHULQFUHDVLQJRUGHUEDVHG
RQ&)V7KHFHUWDLQW\ IDFWRUSUHVHQWHGZLWK WKH RXWSXW WKH
HSLOHSV\GLDJQRVLVLVWKHVXPRIWKHZHLJKWVDVVLJQHGWRHDFK
GLDJQRVLVSDUDPHWHUV
$GGLWLRQDOXQFHUWDLQWLHVDUHLQMHFWHGYLDWKH8VHUTXHULHVDQG
WKH)HHGEDFNORRS7KHILUVWVRXUFHRIXQFHUWDLQW\UHODWHGWR
WKH8VHUTXHULHVFDQDULVHIURPLQVXIILFLHQWNQRZOHGJHRIWKH
WRROFDSDFLW\DQGXVDJH7RFRXQWHUDFWWKLVWKH8VHUFHQWUHG
DSSURDFK DOUHDG\ XVHG GXULQJ WKH UHTXLUHPHQW GHILQLWLRQ
SKDVH ZLOO EH PDLQWDLQHG GXULQJ WKH QH[W GHYHORSPHQW
SKDVHV7KHH[SHUWVFRQWDFWHGGXULQJWKHLQWHUYLHZVZLOOEH
UHJXODUO\ LQIRUPHG RI WKH WRRO DGYDQFHPHQW DQG DVNHG WR
SURYLGH IHHGEDFN RQ WKH 8, WR HQVXUH RSWLPDO XVHU
IULHQGOLQHVVRIWKH'($LQWHUIDFH
$V LW LV QRW WULYLDO WR FRUUHFWO\ UHQGHU LQ ZRUGV D +XPDQ
WKRXJKWTXHULHVHQWHUHGLQ1/YLDWKH8,PLJKWEHYDJXHRU
LQFRPSOHWH ZLWK IX]]\ VHDUFK JRDOV 0LWLJDWLRQ PHWKRGV
IRXQG LQ WKH OLWHUDWXUH LQFOXGH WKH XVH RI FKDLQ TXHULHV
WUDFNLQJ>@YDJXHTXHU\SURFHVVRU>@6HPDQWLFVHDUFK
FRQWULEXWHVWREHWWHUJUDVSLQJWKH8VHULQWHQW>@$GGLWLRQDO
0DFKLQH /HDUQLQJ PHWKRGV LQFOXGLQJ /HDUQLQJ7R5DQN
DOJRULWKPV PHQWLRQHG LQ  DQG TXHU\ RSWLPL]HUV FDQ
IXUWKHUPRUH FRQWULEXWH WR LPSURYLQJ WKH UDQNLQJ DQG
TXHU\LQJSURFHVV7KH8,DOVRVXSSRUWVWKHQDUURZLQJRIWKH
UHVHDUFKYLDWKHXVHRIILOWHUV
7\SHGTXHULHVRIWHQLQFOXGHVRPHW\SRVPLVXVHRIZRUGVRU
FRQFHSWV7RLQFUHDVHWKHIOH[LELOLW\RIWKH8,VROXWLRQVIRXQG
LQ WKH OLWHUDWXUH VXJJHVW WKH XVH RI LQWHUIDFHV ZLWK HUURU
WROHUDQWDQGIOH[LELOLW\IHDWXUHV>@>@
)LQDOO\WKHXQFHUWDLQW\TXDQWLILFDWLRQUHODWHGWRWKH)HHGEDFN
ORRSLVSUREDEO\WKHELJJHVWXQFHUWDLQW\PLWLJDWLRQFKDOOHQJH
RIWKH'($IURQWHQG$OORZLQJXVHUVWRFRPPHQWRQGDWDRU
VXEPLWQHZ GRFXPHQWV FRXOG H[SRVH WKH.* WR LPSUHFLVH
YDJXHRUZURQJLQSXWV,WLVHVVHQWLDOWRLQWHJUDWHLQWRWKH8VHU
IHHGEDFN LQWHJUDWLRQ SURFHVV D UHVLOLHQW XQFHUWDLQW\
TXDQWLILFDWLRQDQGPLWLJDWLRQVWUDWHJ\WRILOWHUIHHGEDFNDQG
WRDYRLGFRPSURPLVLQJWKH.*GDWD7KLVILOWHUZLOOKDYHWR
DXWRQRPRXVO\LQWHUSUHWWKH)HHGEDFNFRQWHQWDQGDVVLJQ&)V
WR LW DV WKH WDUJHW LV WR OHW WKH '($ DXWRQRPRXVO\ DQG
FRQWLQXRXVO\ OHDUQ ,Q >@ DQ ([SHUW $XWKHQWLFDWLRQ
&RQWUROOHULVXVHGWRVXSSRUWD8VHULGHQWLILFDWLRQSURFHGXUH
5HVWUDLQLQJWKHOLVWRI8VHUVDOORZHGWRSURYLGHIHHGEDFNWRD
OLVW RI UHFRJQL]HG H[SHUWV FRXOG EH WKH ILUVW ILOWHULQJ $OVR
PHQWLRQHGLQ>@WKHDGGLWLRQRIQHZUXOHVRUGDWDUHOLHVRQD
&RQIOLFW'HWHFWLRQPRGXOHLQFOXGLQJERWKV\QWD[HUURUVDQG
FRQWHQWFRQIOLFWVGHWHFWLRQ2QHFRXOGLPDJLQHWKDWDVLPLODU


PRGXOHFRXOGEHLPSOHPHQWHGLQWRWKH'($DVDVHFRQGOD\HU
RI ILOWHULQJ (YHQWXDOO\ WKH '($ LQWHUIDFH FRXOG LQWHJUDWH
VRPH FROODERUDWLYH IHDWXUHV WKDW ZRXOG DOORZ 8VHUV WR DGG
FRPPHQWVGLUHFWO\WRWKHGDWDYLDWKH8,7KUHDGRIFRPPHQWV
ZRXOGVXSSRUWWKHH[SHUWV
LQWHUDFWLRQVDQGFRXOGRUJDQLFDOO\
OHDGWRWKHFRUUHFWYDOXHVUHFRJQL]HGE\WKHH[SHUWV
PDMRULW\
)LJXUHVXPPDULVHVWKHXQFHUWDLQW\VRXUFHVDQGSRWHQWLDO
PLWLJDWLRQPHWKRGVIURPWKHIURQWHQGSHUVSHFWLYH
)LJXUH6XPPDU\RIXQFHUWDLQW\VRXUFHVDQG
PLWLJDWLRQPHWKRGVIURPWKHIURQWHQGSHUVSHFWLYH

)ROORZLQJWKHGHILQLWLRQRIWKHVRIWZDUHDUFKLWHFWXUHDQGWKH
UHILQHPHQW RI VPDUWVTXLG UHTXLUHPHQWV DIWHU H[SHUWV¶
LQWHUYLHZV WKH QH[W VWHS ZLOO EH WR VWDUW WKH WRRO
LPSOHPHQWDWLRQ7KH LPSOHPHQWDWLRQZLOO ILUVWIRFXVRQWKH
H[WUDFWLRQRI VWUXFWXUHGGDWD IURP WKHGHVLJQ HQYLURQPHQWV
DQGRQWKH1/LQSXWVDQGTXHU\LQJRIWKH.*

 VPDUWGRJ'($EDFNHQG
VPDUWGRJUHSUHVHQWVWKHEDFNHQGSDUWRIDQH[SHUWV\VWHP
,WHQFDVHVWKHPRGXOHVIRUWKHDXWRPDWLFFUHDWLRQRIWKH.*
FRXSOHGZLWKWKHXVHRI*UDNQDQGLWVPDLQFRPSRQHQWVIRU
LQIHUULQJNQRZOHGJHDQGYDOLGDWHDQGDUHODWLRQDOGDWDEDVHWR
VWRUH WKH GDWD IRU IDVW SURFHVVLQJ YDOLGDWLRQ DQG
YLVXDOL]DWLRQ)LJXUHVKRZVDJHQHUDOXVHRIWKHVPDUWGRJ
IUDPHZRUNWRSHUIRUPWKHJHQHUDWLRQDQGWKHSRSXODWLRQRI
WKH.*>@7KHFUHDWLRQRIWKH.*LVLWHUDWLYHDQGUHTXLUHV
KXPDQ YDOLGDWLRQ HVSHFLDOO\ IRU WKH JHQHUDWLRQ SDUW 7KH
LQWHUDFWLRQZLWKWKHRQWRORJ\H[SHUWZLOOEHDOORZHGWKURXJK
DZHEEDVHGLQWHUIDFHGLIIHUHQWIURPWKH'($8,WKDWZLOO
JLYHWKHSRVVLELOLW\WRYDOLGDWHWKHUHVXOWVREWDLQHGE\WKHWRRO
EHIRUH WKH LQVHUWLRQ LQWR WKH .* LQ WKH IUDPHRI WKH '($
SURMHFWIRUWKHVSDFHPLVVLRQGHVLJQGRPDLQ

)LJXUH*HQHUDOXVHRIWKHVPDUWGRJIUDPHZRUN
VPDUWGRJKDVDPRGXODUDUFKLWHFWXUHDOORZLQJIOH[LELOLW\LQ
WKH LQWHUIDFHVEHWZHHQWKHPRGXOHVDQGJXDUDQWHHLQJ VWDWLF
H[WHQGLELOLW\)LJXUHVKRZVWKHGLIIHUHQWPRGXOHVZKLFK
DUHLQWURGXFHGLQ>@
,Q SDUWLFXODU WKH 1/3 0RGXOH LV QRW VWDWLF EXW LW LV
G\QDPLFDOO\ LPSURYHG LWHUDWLYHO\ ZLWK UHOHYDQW GRPDLQ
WHUPV7KHUHDUHPDQ\OLEUDULHVDQGGLFWLRQDULHVIRU1/3EXW
GHYHORSHG IRU JHQHUDO ODQJXDJH SXUSRVHV :H WDUJHW D
SDUWLFXODUGRPDLQ7KHUHIRUHWKHILUVWVWHSWRLPSURYHWKHWH[W
SURFHVVLQJ LV WR LGHQWLI\ WKH YRFDEXODU\ IRU VSDFH PLVVLRQ
GHVLJQ WR DOORZ D EHWWHU QRUPDOL]DWLRQ DQG LQFUHDVH WKH
SHUIRUPDQFHV RI WKH PRGXOHV UHFHLYLQJ WKH 1/3 PRGXOH
RXWSXWV 7KH RWKHU PRGXOHV UHO\ RQ 0DFKLQH /HDUQLQJ
DOJRULWKPVWKHUHIRUHWKHLUUHVXOWVZLOOEHLPSURYHGZKHQWKH
LQSXW GDWD ZLOO EH EHWWHU IROORZLQJ WKH TXRWH JDUEDJH LQ
JDUEDJHRXW7KH&RQWH[W,GHQWLILFDWLRQPRGXOHLVDQRWKHU
FULWLFDOPRGXOH,WKDVWRDFWDVDILOWHUWRDYRLGWKHDQDO\VLVRI
GRFXPHQWVZLWKWRSLFVQRWUHOHYDQWWRWKHGRPDLQFRQVLGHUHG
ZKLOH DW WKH VDPH WLPH LW KDV WR EH DEOH WR GLVWLQJXLVK
EHWZHHQGLIIHUHQWWRSLFVUHOHYDQWWRWKHVSDFHPLVVLRQGRPDLQ
WRLPSURYHWKHRXWSXWVDQGRYHUDOODXWRPDWLRQRIWKHSURFHVV
HVSHFLDOO\IRUWKHRQWRORJ\SRSXODWLRQSDUW
7KHFRXSOLQJRIWKH&RQWH[W,GHQWLILFDWLRQ0RGXOHZLWKWKH
2QWRORJ\ /HDUQLQJ 0RGXOH DQG ZLWK WKH 1/3 0RGXOH LV
IXQGDPHQWDO IRU WKH SHUIRUPDQFH RI WKH WRRO 7KH 1/3
0RGXOH LV FRXSOHG ZLWK WKH 2QWRORJ\ /HDUQLQJ 0RGXOH WR
SURYLGHLQSXWVIRUWKHH[WUDFWLRQRIWKHUHOHYDQWLQIRUPDWLRQ
IRU WKHGDWDPRGHOLQJRI WKH.*EXWDWWKHVDPHWLPH WKH
PRGXOHLWVHOILVLPSURYHGLQWKHQRUPDOL]DWLRQSKDVHDIWHUWKH
YDOLGDWLRQRIWKHRXWSXWVRIWKH2QWRORJ\/HDUQLQJ0RGXOH
7KH *UDNQ 0RGXOH DQG WKH 9DOLGDWLRQ 0RGXOH DUH DOVR
FRXSOHGVLQFHWKHLQIRUPDWLRQYDOLGDWHGFDQEHDXWRPDWLFDOO\
LQVHUWHG$WWKHVDPHWLPH*UDNQLWVHOIKDVDYLVXDOL]HUWKDW
FDQEHXVHGIRUYLVXDOYDOLGDWLRQRIWKHGDWDPRGHOLQJDVZHOO
7KH 2QWRORJ\ 3RSXODWLRQ 0RGXOH ZLOO EH WKH ODVW WR EH
GHYHORSHGRQFHDOOWKH.*ZLOOEHJHQHUDWHG



)LJXUHVPDUWGRJPRGXOHV
 2/&DSSURDFKDQGFULWLFDOLWLHVZLWKWKHW\SHRI
GRFXPHQWV
2QWRORJ\OHDUQLQJ2/LVGHILQHGDVWKHVHWRIPHWKRGVDQG
WHFKQLTXHV XVHG IRU EXLOGLQJ DQ RQWRORJ\ IURP VFUDWFK
HQULFKLQJ RU DGDSWLQJ DQ H[LVWLQJ RQWRORJ\ LQ D VHPL
DXWRPDWLFIDVKLRQXVLQJVHYHUDOVRXUFHV2QWRORJ\ OHDUQLQJ
WHFKQLTXHV UHO\ RQ PHWKRGV IURP YDULRXV ILHOGV VXFK DV
0DFKLQH/HDUQLQJNQRZOHGJHDFTXLVLWLRQ1DWXUDO/DQJXDJH
3URFHVVLQJ1/3VWDWLVWLFVDQGLQIRUPDWLRQUHWULHYDO6XFK
WHFKQLTXHV IDFLOLWDWH DQG VXSSRUW WKH FRQVWUXFWLRQ RI
RQWRORJLHVE\WKHRQWRORJ\HQJLQHHU7KLVLVWKHUHDVRQZK\
RQWRORJ\ OHDUQLQJ IUDPHZRUNV KDYH EHHQ GHYHORSHG LQ WKH
ODVW\HDUVDQGLQWHJUDWHGZLWKVWDQGDUGRQWRORJ\HQJLQHHULQJ
WRROV2QWRORJ\OHDUQLQJFDQEHDSSOLHGWRXQVWUXFWXUHGVHPL
VWUXFWXUHGDQGIXOO\VWUXFWXUHGGDWDWRVXSSRUWVHPLDXWRPDWLF
DQGFRRSHUDWLYHRQWRORJ\HQJLQHHULQJ>@7KHJRDORI2/LV
WR JXDUDQWHH DXWRPDWLF H[WUDFWLRQ RI NQRZOHGJH SRVVLEO\
VWUXFWXUHGDVFRPSRVLWHRUVWUDLJKWIRUZDUGVWDWHPHQWVIURPD
JLYHQ FRUSXV RI WH[WXDO GRFXPHQWV WR IRUP DQ RQWRORJ\
0DQ\2/DSSURDFKHVIROORZDPRGHO QDPHG WKH2QWRORJ\
/HDUQLQJ /D\HU &DNH 2/& >@ DQG VKDUH PDQ\ IHDWXUHV
VXFK DV VWDWLVWLFDO EDVHG LQIRUPDWLRQ UHWULHYDO PDFKLQH
OHDUQLQJ DQG GDWD DQG WH[W PLQLQJ UHVRUWLQJ WR OLQJXLVWLFV
EDVHGWHFKQLTXHVIRUVSHFLILFWDVNV7KH2QWRORJ\/HDUQLQJ
/D\HU &DNH PRGHO DLPV DW OHDUQLQJ RQWRORJLHV E\ XVLQJ D
PXOWLVWHSDSSURDFK>@
7KH JRDO RI WKH VPDUWGRJ IUDPHZRUN LV WR DOORZ WKH
JHQHUDWLRQDQGWKHSRSXODWLRQRIWKH.*>@7KHPXOWLVWHS
DSSURDFK XVHG IRU WKH 2/& VDWLVILHV WKH QHHGV IRU WKH
JHQHUDWLRQSDUWEXWIRUWKHSRSXODWLRQSDUWLQRUGHUWRPDNH
WKH SURFHVV WKH PRVW DXWRPDWLF SRVVLEOH LW UHTXLUHV WKH
H[WUDFWLRQRIOH[LFRV\QWDFWLFSDWWHUQVIRUWKHGLIIHUHQWGDWDWR
EHH[WUDFWHG7KLVLVZK\ZHUHIHUWRDPRGLILHG2/&,QRWKHU
ZRUGVZHZDQWWRFRQVLGHUDOVRDPHWDGDWDOD\HUWKDWZLOOEH
XVHGWRH[WUDFWSDWWHUQVUHOHYDQWIRUWKHRQWRORJ\SRSXODWLRQ
SKDVHDQGVWRUHGZLWKWKHFRQFHSWLQVHUWHGLQWRWKHNQRZOHGJH
JUDSK
$VZHPHQWLRQHGLQ>@WKHXVHUVRIWKH'($ZRXOGOLNHWR
KDYHLQIRUPDWLRQFRPLQJIURPVHYHUDOW\SHVRIVRXUFHVWKDW
FDQ EH TXHULHG WKURXJK WKH '($ 8, 7KHVH VRXUFHV DUH
SURYLGHG LQ GLIIHUHQW IRUPDWV SGI SSW[ GRF[ IRUPV
VWUXFWXUHG VHPLVWUXFWXUHG DQG XQVWUXFWXUHG DQG WKH\
UHTXLUHVSHFLILFVROXWLRQVLQRUGHUWREHGHDOW
,QRUGHUWREHDEOHWRGHDOZLWKDQ\VRXUFHZHQHHGDUREXVW
1/3 0RGXOH DQG D UREXVW &RQWH[W ,GHQWLILFDWLRQ 0RGXOH
7KHUHIRUHZHGHFLGHGWRIRFXVILUVWRQUHSRUWV WREHPLQHG
E\WKHVPDUWGRJZKLFKDUHWKHRXWSXWRISKDVHRIWKHVSDFH
PLVVLRQ GHVLJQ ILQDO RXWSXW RI D &') VWXG\ DW (6$ 7KH
UHSRUWVFRQWDLQLQIRUPDWLRQDERXWWKHGLIIHUHQWGLVFLSOLQHVLQ
WKHVSDFHPLVVLRQGHVLJQQRWRQO\WH[WEXWDOVRILJXUHVWDEOHV
DQGIRUPXODV,QRUGHUWRGHYHORSWKH&RQWH[W,GHQWLILFDWLRQ
0RGXOH WKH H[WUDFWLRQ RI WKH GLIIHUHQW WKHVDXUL IRU WKH
GLIIHUHQW GLVFLSOLQHV VKDOO EH GHILQHG LQ RUGHU WR DOORZ WKH
'($WRUHFRJQL]HWKHW\SHRIVRXUFHDQGFRQWH[WDQGEHDEOH
WRGHDOZLWKDOORWKHUW\SHVRIVRXUFHV'XHWRWKHFKRLFHRI
WKH VRXUFH LW LV QHFHVVDU\ WR VSOLW WKH UHSRUWV LQWR WKHLU
VXEFKDSWHUVDQGXQGHUVWDQGDOOWKHW\SHRIGLVFLSOLQHVWKDWFDQ
EHLGHQWLILHGDQGWKHQGHILQHWKHWKHVDXUL7KLVSUHSURFHVVLQJ
VWHS LV VKRZQ LQ VHFWLRQ  7KH 5DZ 7H[W ([WUDFWLRQ
0RGXOHUHO\RQWKH7,.$OLEUDU\ZKLFKLVQRWDEOHWRVHSDUDWH
WKH FKDSWHUV LQ WKH UHSRUWV 7KH VROXWLRQ IRUHVDZ WKH
LPSOHPHQWDWLRQRISDWWHUQUHFRJQLWLRQLQRUGHUWRLGHQWLI\WKH
VLQJOHFKDSWHUVLQVLGHWKHUHSRUWVEXWLWLVVRPHWKLQJWKDWWKH
&RQWH[W,GHQWLILFDWLRQ0RGXOHZLOOEHDEOHWRGRRQFHWUDLQHG
IRU WKHGLIIHUHQW GLVFLSOLQHV ,Q WKH UHSRUWV LW LVSRVVLEOH WR
LGHQWLI\ WKHPDLQGLVFLSOLQHVDOZD\V LQFOXGHG LQ WKHGHVLJQ
DQG WKH RQH VSHFLILF IRU VRPH PLVVLRQV +RZHYHU IRU WKH
WUDLQLQJLWLVQHFHVVDU\WRJLYHPRUHLQIRUPDWLRQWRJHQHUDWH
WKH.*7KHH[WUDFWLRQRIFKDSWHUVLVVWULFWO\UHODWHGWR WKH
W\SH RI VRXUFHV ZH VHOHFWHGEHFDXVH ZH IRFXV ILUVW RQRQH
VXEV\VWHP EXW LW LV IXQGDPHQWDO IRU WKH WUDLQLQJ RI WKH
&RQWH[W([WUDFWLRQPRGXOHZKLFKZLOODFWQRWRQO\DVFRQWH[W
LGHQWLILHUEXWDVDILOWHU
2QFHZHKDYHWKHNQRZOHGJHUHTXLUHGIRUHDFKGLVFLSOLQHZH
FDQ WHVW WKH H[WUDFWLRQ RI LQIRUPDWLRQ ZLWK RWKHU W\SHV RI
VRXUFHV VXFK DV UHTXLUHPHQWV GRFXPHQWV SUHVHQWDWLRQV RU
GDWD VKHHWV $ ILUVW DWWHPSW LQ WKH H[WUDFWLRQ RI GDWD IURP
GDWDVKHHWV KDYH EHHQ PDGH LQ >@ LQFOXGLQJ LVVXHV WR EH
VROYHG7KHDSSURDFKZHIRUHVHHZLOOLPSURYHWKHH[WUDFWLRQ
DQGUHGXFHWKHQXPEHURILVVXHV
 7HUPVDQG6\QRQ\PV([WUDFWLRQ
7HUPV DUH WKH PRVW EDVLF EXLOGLQJ EORFNV LQ RQWRORJ\
OHDUQLQJ7HUPVFDQEHVLPSOHLHVLQJOHZRUGRUFRPSOH[
LHPXOWLZRUGDQGDUHFRQVLGHUHGDVOH[LFDOUHDOL]DWLRQV
RIHYHU\WKLQJHVVHQWLDODQGUHOHYDQWWRDGRPDLQ7KHPDLQ
WDVNVDVVRFLDWHGZLWKWHUPVDUHWRSUHSURFHVVWH[WVDQGH[WUDFW


WHUPV7KHSUHSURFHVVLQJWDVNHQVXUHVWKDWWKHLQSXWWH[WVDUH
LQDIRUPDWVXSSRUWHGE\WKHRQWRORJ\OHDUQLQJV\VWHP7KH
H[WUDFWLRQRIWHUPVNQRZQDVWHUPH[WUDFWLRQRUNH\SKUDVH
H[WUDFWLRQ W\SLFDOO\ EHJLQV ZLWK WRNHQL]DWLRQ RU SDUWRI
VSHHFK WDJJLQJ WR EUHDN WH[WV LQWR VPDOOHU FRQVWLWXHQWV
6WDWLVWLFDO RU SUREDELOLVWLF PHDVXUHV DUH WKHQ XVHG WR
GHWHUPLQH WKH FROORFDWLRQDO VWDELOLW\ RI DQRXQVHTXHQFH WR
IRUPDWHUPDOVRNQRZQDVXQLWKRRG DQG WKHUHOHYDQFHRU
VSHFLILFLW\RIDWHUPIRUDGRPDLQDOVRNQRZQDVWHUPKRRG
>@$0XOWL:RUG7HUP0:7LVDWHUPWKDWLVFRPSRVHG
RI PRUH WKDQ RQH ZRUG 7KH XQDPELJXRXV VHPDQWLFV RI D
PXOWLZRUG WHUP GHSHQGV RQ WKH NQRZOHGJH DUHD RI WKH
FRQFHSWLWGHVFULEHVDQGFDQQRWEHLQIHUUHGGLUHFWO\IURPLWV
SDUWV>@
6HYHUDO DOJRULWKPVFDQEH DGRSWHG IRU WKH WHUPVH[WUDFWLRQ
DQG LQ SDUWLFXODU IRU PXOWLZRUG H[WUDFWLRQ &RXQWLQJ
)UHTXHQFLHVRIWHUPV7ILGI'RPDLQ&RQVHQVXV1&9DOXH
'RPDLQ &RKHUHQFH 6\QWDFWLF SDWWHUQV SUREDELOLVWLF
DOJRULWKPV >@ )RU PXOWLZRUG H[WUDFWLRQ ZH GHFLGHG WR
LPSOHPHQW WKH &1& 9DOXH PHWKRG >@ WKH SUHOLPLQDU\
UHVXOWVDUHVKRZQLQVHFWLRQ
%HFDXVH WKLV SURFHVV LV LWHUDWLYH DQG LW QHHGV WR EH WXQHG
FDUHIXOO\ WR JXDUDQWHH UHOLDEOH UHVXOWV WKH QH[W VWHS LV DQ
LPSURYHPHQWZLWKWKHLQWURGXFWLRQRIYDOLGDWHGPXOWLZRUGV
DQGV\QRQ\PV
7KH V\QRQ\P OHYHO DGGUHVVHV WKH DFTXLVLWLRQ RI VHPDQWLF
WHUPYDULDQWVLQDODQJXDJH$QHVVHQWLDODVSHFWRIWKLVZRUN
LV WKH LGHQWLILFDWLRQRI WKH DSSURSULDWH VHQVHRI WKH WHUP LQ
TXHVWLRQZKLFKGHWHUPLQHVWKHVHWRIV\QRQ\PVWKDWDUHWREH
H[WUDFWHG7KLVLQYROYHVVWDQGDUGZRUGVHQVHGLVDPELJXDWLRQ
DOJRULWKPV +RZHYHU VSHFLILFDOO\ LQ WKH RQWRORJ\ OHDUQLQJ
FRQWH[WUHVHDUFKHUVKDYHH[SORLWHGWKHIDFW WKDWDPELJXRXV
WHUPVKDYHSUHFLVHPHDQLQJVLQSDUWLFXODUGRPDLQVDOORZLQJ
IRU DQ LQWHJUDWHG DSSURDFK WR VHQVH GLVDPELJXDWLRQ DQG
GRPDLQVSHFLILF V\QRQ\P H[WUDFWLRQ ,Q FRQWUDVW WR XVLQJ
UHDGLO\DYDLODEOHV\QRQ\PVHWVVXFKDVSURYLGHGE\:RUG1HW
DQGUHODWHGOH[LFDO UHVRXUFHVUHVHDUFKHUVKDYHDOVRZRUNHG
RQ DOJRULWKPV IRU G\QDPLF DFTXLVLWLRQ RI V\QRQ\PV E\
FOXVWHULQJDQGUHODWHGWHFKQLTXHV2QWKLVEDVLVPXFKZRUN
KDVEHHQGRQHRQV\QRQ\PDFTXLVLWLRQIURPWH[WFRUSRUDWKDW
LVEDVHGRQWKHGLVWULEXWLRQDOK\SRWKHVLVWKDWWHUPVDUHVLPLODU
LQ PHDQLQJ WR WKH H[WHQW WR ZKLFK WKH\ VKDUH V\QWDFWLF
FRQWH[WV>@
:RUGVHQVHGLVDPELJXDWLRQLVWKHDELOLW\WRFRPSXWDWLRQDOO\
GHWHUPLQHZKLFKVHQVHRIDZRUGLVDFWLYDWHGE\LWVXVHLQD
SDUWLFXODUFRQWH[W>@7KLVWDVNLVIXQGDPHQWDOLQWKH1/3
0RGXOHWRSHUIRUPSUHFLVHQRUPDOL]DWLRQLQWKHWH[WDQGWKH
.*SRSXODWLRQSKDVHEHFDXVHLWUHTXLUHVDUHOLDEOH.*DEOH
WR ERRVW WKH DXWRPDWLF H[WUDFWLRQ RI GDWD LQ D SUHFLVH DQG
PHDQLQJIXOZD\:LWKRXWNQRZOHGJHLWZRXOGEHLPSRVVLEOH
IRUERWKKXPDQVDQGPDFKLQHVWRLGHQWLI\WKHPHDQLQJ>@
7KHH[WUDFWLRQRIV\QRQ\PVLVQRWWULYLDODQGDQRSHQILHOGRI
UHVHDUFK'LIIHUHQWDSSURDFKHVKDYHEHHQLGHQWLILHGEXWWKH\
UHTXLUHPRUHLQGHSWKDQDO\VLVLQRUGHUWREHLPSOHPHQWHGLQ
WKH VPDUWGRJ IUDPHZRUN DQG DGRSWHG IRU WKH GRPDLQ
FRQVLGHUHG

 8QFHUWDLQW\LQWKHEDFNHQGSDUW
,Q ([SHUW V\VWHPV WKH ZRUG XQFHUWDLQW\ FDQ EH UHODWHG WR
LQDFFXUDWH GDWD LPSUHFLVH LQIRUPDWLRQ RU UHOLDELOLW\ RI WKH
UHVXOWV $Q (6 DOORZV WKH 8VHU WR DVVLJQ SUREDELOLWLHV
FHUWDLQW\ IDFWRUV RU FRQILGHQFH OHYHOV DQG PDQ\ PRUH
WHFKQLTXHVWRDQ\RUDOOLQSXWGDWD>@5HJDUGLQJWKHEDFN
HQGSDUWVHYHUDOVRXUFHVKDYHEHHQLGHQWLILHG7KHPDLQRQH
LVLQKHUHQWO\UHODWHGWRWKHW\SHRIGDWDXVHGIRUEXLOGLQJWKH
NQRZOHGJHJUDSKZKLFKDUHWH[WGDWDFRPLQJIURPGLIIHUHQW
W\SH RI VRXUFHV 7KH WH[W LV ZULWWHQ LQ D QDWXUDO ODQJXDJH
ZKLFK LV LQKHUHQWO\ DPELJXRXV DQG LPSUHFLVH DV ZH
PHQWLRQHG LQ >@0RUHRYHU WKH QXPHURXV DPELJXLWLHV LQ
QDWXUDO ODQJXDJHDUH UDUHO\ FODULILHGGXULQJ WUDQVODWLRQ WR D
IRUPDO ODQJXDJH $V D UHVXOW UXOHV WKDW DUH QRW H[SUHVVHG
SUHFLVHO\LQWKHIRUPDOODQJXDJHFDQEHPLVLQWHUSUHWHGDQG
WKLVFUHDWHVLQFRQVLVWHQFLHVWKDWZHKDYHWRWDNHLQWRDFFRXQW
GXULQJWKHDXWRPDWLRQRIWKHH[WUDFWLRQSURFHVV7KLVVRXUFH
RIXQFHUWDLQW\QHHGVWREHDGGUHVVHGZLWKWKHGHYHORSPHQWRI
DFFXUDWH FRQYHUVLRQ EHWZHHQ WKH QDWXUDO ODQJXDJH DQG WKH
GDWD PRGHOLQJ ODQJXDJH DGRSWHG IRU WKH '($ ,Q RUGHU WR
UHGXFHWKHODFNRISUHFLVLRQLQGHVFULSWLYHODQJXDJHWKHUHKDV
EHHQVRPHDWWHPSWLQWKHXVHRI&RQWUROOHG1DWXUDO/DQJXDJH
&1/&1/LVDVXEVHWRIQDWXUDOODQJXDJHZLWKUHVWULFWHG
JUDPPDUDQGYRFDEXODU\LQRUGHUWRUHGXFHWKHDPELJXLW\DQG
FRPSOH[LW\LQKHUHQWLQIXOOQDWXUDOODQJXDJH2QHH[DPSOHRI
DWRROWKDWUHOLHVRQWKLVPHWKRGLV)OXHQW(GLWRU>@EXWZH
GLVFDUGHGWKLVRSWLRQ
7KH FRPSOH[LW\ RI XQGHUVWDQGLQJ WKH QDWXUDO ODQJXDJH LV D
QRQWULYLDO WDVN HYHQ IRU KXPDQ LQWHUSUHWDWLRQV 7KH '($
DLPV DW GHYHORSLQJ D UREXVW 1/3 DQG ZRUGV VHQVH
GLVDPELJXDWLRQ WR GHDO ZLWK VHPDQWLF YDULHW\ DQG FRQWH[W
LGHQWLILFDWLRQ 7KH GRFXPHQWV LQ JHQHUDO DUH ZULWWHQ E\
GLIIHUHQWH[SHUWV7KHUHIRUHZHKDYHWRGHDOZLWKUHGXQGDQW
LQIRUPDWLRQ LQFRQVLVWHQFLHVRU LQFRPSOHWHQHVVRIGDWD:H
LQVWHDGDVVLJQQXOOYDOXHVIRUWRLQFRPSOHWHRUPLVVLQJGDWD
IRU D VSHFLILF HQWLW\ RU DWWULEXWH DQG ZH GHDO ZLWK WKLV
LPSHUIHFWLRQVUHO\LQJRQDQLQFRQVLVWHQF\UHVROXWLRQHQJLQH
DEOHWRIODJLQFRQVLVWHQFLHVDQGHYHQWXDOO\VROYHGWKHPLILW
KDV HQRXJK LQIRUPDWLRQ (YHU\ W\SH RI VRXUFH ZLOO EH
SURYLGHGZLWKDOHYHORIILGHOLWLHVWKDWZLOOEHDQDO\]HGE\WKH
IURQWHQG SDUW RI WKH '($ 7KH IURQWHQG SDUW ZLOO LQGHHG
LQKHULWWKHXQFHUWDLQW\IDFWRULQVHUWHGLQWRWKH.*LQRUGHUWR
SHUIRUPDFRPSOHWHDQDO\VLVRIWKHXQFHUWDLQWLHVLQRUGHUWR
SURYLGH WKH PRVW UHOLDEOH DQG DFFXUDWH DQVZHU WR WKH XVHUV
WRJHWKHUZLWKWKHOHYHORIXQFHUWDLQW\OLQNHGWRWKHUHVXOW
8VLQJ WKH QDWXUDO ODQJXDJH IDFWV DUH GHVFULEHG ZLWK VXFK
WHUPVDVRIWHQDQGVRPHWLPHVIUHTXHQWO\DQGKDUGO\HYHU$V
D UHVXOW LW FDQ EHFKDOOHQJLQJ WR H[SUHVVNQRZOHGJH LQ WKH
SUHFLVH ,)7+(1 IRUP RI SURGXFWLRQ UXOHV 7KHUHIRUH LW LV
QHFHVVDU\ WR DGRSW IX]]\ UXOHV DQG IX]]\ IXQFWLRQV DEOH WR
FRQYHUW QDWXUDO ODQJXDJH LQWR LQIRUPDWLRQ WKDW FDQ EH
LQWHUSUHWHGE\ WKHPDFKLQH0RUHRYHULQIHUULQJNQRZOHGJH
IURP LQFRPSOHWH GDWD FDQ EH WDNHQ LQWR DFFRXQW DGRSWLQJ
IX]]\ UXOHV DQG SHUIRUPLQJ IX]]\ LQIHUHQFH WKURXJK WKH
DGRSWLRQRIILGHOLW\IDFWRUV
)LJXUHVXPPDUL]HV WKH VRXUFHVDQGSRVVLEOHPLWLJDWLRQV
GHVFULEHGDERYH
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
)LJXUH  EDFNHQG XQFHUWDLQWLHV VRXUFHV DQG SRVVLEOH
PLWLJDWLRQVPHWKRGV
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7KLVVHFWLRQ IRFXVHV RQ WKHSUHOLPLQDU\ UHVXOWV IRU WKHSUH
SURFHVVLQJ SDUW UHTXLUHG IRU WKH FUHDWLRQ RI WKH &RQWH[W
,GHQWLILFDWLRQ 0RGXOH WKHUHIRUH RQ WKH SUHSDUDWLRQ RI WKH
WUDLQLQJ VHW WR EH XVHG IRU FRQWH[W LGHQWLILFDWLRQ 7KLV
DSSURDFK LV VWULFWO\ GHSHQGHQW RQ WKH W\SH RI VRXUFHV ZH
GHFLGHG WR DGRSW ZKLFK FRQWDLQV LQIRUPDWLRQ IURP PDQ\
GLVFLSOLQHVZKLFKDUHGLIILFXOWWREHSDUVHGZLWKDJHQHUDOLVW
DSSURDFKIRFXVHGRQJHQHUDO(QJOLVKYRFDEXODU\7KHVHFRQG
SDUWRIWKHVHFWLRQLQVWHDGVKRZVWKHSUHOLPLQDU\UHVXOWVLQWKH
PXOWLZRUG H[WUDFWLRQ WDVN LQ RUGHU WR LPSURYH WKH 1/3
0RGXOHDQGWKHRYHUDOOUHFRJQLWLRQRIHQWLWLHVLQVLGHWKHWH[W
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VROXWLRQ LV QHFHVVDU\ IRU WUDLQLQJ WKH 0/ DOJRULWKPV WR
UHFRJQL]H WKH GLIIHUHQW GLVFLSOLQHV EXW DOVR WR FUHDWH D WHVW
FDVHIRUWKH&RQWH[W,GHQWLILFDWLRQ0RGXOHWRLGHQWLI\WKHSDUW
RI WKH GRFXPHQWV DQG H[WUDFW DXWRPDWLFDOO\ VSHFLILF SDUWV
GHSHQGLQJRQWKHFRQWH[WRUWKHGLVFLSOLQHFRQVLGHUHG)LJXUH
 VKRZV WKH FKDSWHUV H[WUDFWHG IURP  UHSRUWV DYDLODEOH
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,WLVSRVVLEOHWRQRWLFHWKDWWKHUHLVQRVWDQGDUGQDPHIRUWKH
GLVFLSOLQHV 7KHUHIRUH LW LV D JRRG WHVW EDVH WR DSSO\
FOXVWHULQJ 7KH ILQDO JRDO IRUHVHHV WKH GHYHORSPHQW RI DQ
DOJRULWKP DEOH WR DXWRPDWLFDOO\ H[WUDFW UHOHYDQW SDUWV IURP
GLIIHUHQW VRXUFHV IRU DQ\ VSHFLILF VSDFH PLVVLRQ GLVFLSOLQH
XVLQJDVLQSXWIRUWUDLQLQJWKHZRUGVDQGV\QRQ\PVH[WUDFWHG
IRUHDFKGLVFLSOLQH+RZHYHUZHZLOOILUVWIRFXVRQDVLQJOH
GLVFLSOLQH
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)LJXUHFKDSWHUVH[WUDFWHGIURPPLVVLRQUHSRUWV
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)LJXUHVKRZVWKHUHVXOWVIRUJUDPVRI WKHPXOWLZRUGV
LGHQWLILHGLPSOHPHQWLQJWKH&9DOXH0HWKRG7KHOLQJXLVWLF
ILOWHUV VHOHFWHG DFFRUGLQJ WR WKH VSDFH PLVVLRQGRPDLQ DUH
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VSHHFKWDJV7KHVHUHVXOWVDUHSUHOLPLQDU\DQGVKDOOEHUXQRQ
DELJJHUFRUSXVDQGYDOLGDWHG7KHVDPHZLOOEHGRQHIRU
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0XOWL ZRUGV ZLOO LPSURYH WKH QRUPDOL]DWLRQ IRU WKH 1/3
PRGXOHDQGDOVRJLYHWKHSRZHUWRWKH'($WRXQGHUVWDQGWKH
FRPSRXQGLQVLGHDWH[WQRWMXVWVLPSOHZRUGVXQFRUUHODWHG
,QWKLVZD\DOVRWKHVSDFHPLVVLRQGHVLJQYRFDEXODU\FDQEH
LGHQWLILHG
)LJXUHJUDPVH[WUDFWLRQIRUPXOWLZRUGVLQWKH
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$IWHU UHPLQGLQJ WKH RXWOLQH RI WKH '($ SURMHFW WKH SDSHU
SUHVHQWHGWKHGHWDLOHGVRIWZDUHDUFKLWHFWXUHVRIERWKIURQWDQG
EDFNHQGVDVZHOODVWKHWRROUHTXLUHPHQWV$UFKLWHFWXUHVDQG
UHTXLUHPHQWV ZHUH GHILQHG EDVHG RQ WKH OLWHUDWXUH UHYLHZV
DQGDVHWRIH[SHUWVLQWHUYLHZVOHGDW(6$(67(&LQ-XO\
$XJXVW  7KH H[SHUWV LQYROYHG LQ WKH LQWHUYLHZV KDG
H[SHULHQFH LQ FRQFXUUHQW HQJLQHHULQJ IRU VSDFH PLVVLRQ
IHDVLELOLW\VWXGLHV7KH\DOODFNQRZOHGJHGWKHSRWHQWLDORIWKH
'($ILUVWDVDNQRZOHGJHHQJLQHWKHQDVDQLQWHJUDWHGGHVLJQ
DVVLVWDQWWRIDFLOLWDWH.0DQGNQRZOHGJHUHXVHLQWKHLUILHOG
7KHH[SHUWV
DWWLWXGHZUWWKH'($SURMHFWZDVHQFRXUDJLQJ
FRQFHUQLQJWKHVXFFHVVRIWKHWRROLQWHJUDWLRQLQWRWKHLUZRUN
SURFHVV

7KH SUHOLPLQDU\ UHVXOWV GHWDLOHG LQ VHFWLRQ  GLVSOD\ WKH
LPSRUWDQFHRIWKHPXOWLZRUGH[WUDFWLRQLQRUGHUWRJXDUDQWHH
WKH UHFRJQLWLRQ RI FRPSRXQGV LQ WKH WH[W RWKHUZLVH QRW
UHFRJQL]DEOH E\ WKH WRRO 7KH & 9DOXH 0HWKRG VKDOO EH
LPSURYHGZLWKWKH1&9DOXH0HWKRG7KHQH[WVWHSIRUHVHHV
LWVLPSOHPHQWDWLRQDQGWKHWHVWZLWKDPRUHVLJQLILFDQWFRUSXV
UHODWHG WR RQH GLVFLSOLQH DOVR FRQVLGHULQJ RWKHU W\SHV RI
PDWHULDOOLNHERRNVRUGDWDVKHHWV

)RUWKHEDFNHQGSDUWWKHQH[WVWHSVIRUHVHHWKHYDOLGDWLRQRI
WKH PXOWLZRUG WHUPV ZLWK WKH VHOHFWLRQ RI PRUH OLQJXLVWLF
ILOWHUVDQGZLWKDPRUHVLJQLILFDQWFRUSXVWKHLPSOHPHQWDWLRQ
RIVROXWLRQVIRUWKHV\QRQ\PVOD\HULPSOHPHQWDWLRQDQGWHVW
RIWKHFRQWH[WLGHQWLILFDWLRQPRGXOH

)RUWKHIURQWHQGWKHQH[WVWHSVZLOOIRFXVRQWKHH[WUDFWLRQ
RI VWUXFWXUHG GDWD IURP WKH GHVLJQ HQYLURQPHQWVRI 2&'7
DQG&'3DQGWKHDVVLPLODWLRQWRWKH'($.*EDVHGRQWKH
'($ RQWRORJ\ 7KH QH[W VWHSV ZLOO DOVR IRFXV RQ
LPSOHPHQWLQJ WKH ILUVW PRGXOHV RI WKH TXHU\ PDQDJHU
JHQHUDWLQJ*UDTOTXHULHVIURPFRPSOH[8VHU1/TXHULHV
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7KLV$SSHQGL[LQFOXGHVPRUHGHWDLOVRQWKH*UDNQDLH[DPSOH
JHQHUDWHG ZLWK *UDNQ  WR LOOXVWUDWH WKH DUFKLWHFWXUH RI
VPDUWVTXLG LQ  )LJXUHV  DQG  FRUUHVSRQGV
UHVSHFWLYHO\WRWKHYLVXDOL]DWLRQRIWKH8VHUTXHULHV6KRZDOO
(DUWK 2EVHUYDWLRQ PLVVLRQV DQG 6KRZ DOO VDWHOOLWHV ZLWK
6$5 SD\ORDGV 7KH FRGH XVHG WR JHQHUDWH WKH .* RI WKH
H[DPSOHFDQEHSURYLGHGXSRQUHTXHVWWRWKHDXWKRUV
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$XGUH\%HUTXDQG LVD3K'VWXGHQWIURP
WKH,QWHOOLJHQW&RPSXWDWLRQDO(QJLQHHULQJ
,&(ODEDWWKH8QLYHUVLW\RI6WUDWKFO\GH
$XGUH\ UHFHLYHGKHUGLSO{PHG
LQJpQLHXU
IURP (3) )UDQFH DQG KHU 06F LQ
$HURVSDFH (QJLQHHULQJ IURP .7+
6ZHGHQ 6KH JUDGXDWHG IURP WKH 6SDFH
6WXGLHV 3URJUDP RI WKH ,QWHUQDWLRQDO
6SDFH8QLYHUVLW\LQ6XPPHU%HIRUHMRLQLQJWKH,&(
ODE VKHZRUNHG WKUHH \HDUV IRU(DUWK2EVHUYDWLRQ DW WKH
(XURSHDQ 6SDFH $JHQF\ (6$ +HU ZRUN IRFXVHV RQ WKH
IURQWHQG RI WKH '($ SURMHFW DQG RQ WKH DVVLPLODWLRQ RI
VWUXFWXUHGGHVLJQHQYLURQPHQWGDWD+HU3K'LVKDOIIXQGHG
E\(6$LQWKHIUDPHRID1HWZRUNLQJ3DUWQHUVKLS,QLWLDWLYH
13,
)UDQFHVFR0XUGDFDLVD3K'VWXGHQWDWWKH
'HSDUWPHQW RI 0HFKDQLFDO DQG $HURVSDFH
(QJLQHHULQJ RI WKH 8QLYHUVLW\ RI
6WUDWKFO\GH+HUHFHLYHGERWKKLV%DFKHORU
DQG 0DVWHU IURP 3ROLWHFQLFR GL 0LODQR LQ
$HURVSDFH (QJLQHHULQJ %HIRUH PRYLQJ WR
*ODVJRZ KH ZRUNHG IRU D VSDFH FRPSDQ\
EDVHGLQ0DGULG'HLPRV6SDFHWRGHYHORS
DWRROIRURQHVXEV\VWHP&	'+RIWKHVDWHOOLWHWREHXVHG
LQD&RQFXUUHQW'HVLJQ)DFLOLW\&')+LV3K'IRFXVHVRQ
WKHEDFNHQGRIWKH'($SURMHFW
'U $QQDOLVD 5LFFDUGL LV D /HFWXUHU LQ
&RPSXWDWLRQDO ,QWHOOLJHQFH DW WKH
0HFKDQLFDO DQG $HURVSDFH 'HSDUWPHQW
RIWKH8QLYHUVLW\RI6WUDWKFO\GH6KHKDV
PRUH WKDQ HLJKW \HDUV RI H[SHULHQFH LQ
RSWLPL]DWLRQ WHFKQLTXHV DQG
DSSOLFDWLRQV6KHLVFXUUHQWO\LQYROYHGLQ
SURMHFWV RQ GDWDGULYHQ PRGHOLQJ DQG
GHFLVLRQPDNLQJIRUHQJLQHHULQJGHVLJQ

